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TRANSLATOR’S  PREFACE 


In  presenting  the  accompanying  translation  of  the  Grundlinien  der 
anorganischen  Chemie  to  English-speaking  students,  the  translator 
hopes  to  be  thereby  contributing  somewhat  to  a more  wide-spread 
knowledge  of  the  application  of  the  more  recent  developments  of 
General  Chemistry,  and  consequently  to  a juster  appreciation  of  their 
importance  in  the  study  of  the  other  branches  of  the  science. 

In  the  present  translation  the  mistakes  which  had  crept  into  the 
German  edition  have  been,  as  far  as  possible,  corrected,  and  otherwise 
various  minor  changes  have  been  made.  As,  however,  these  have  all 
been  made  either  at  the  author’s  suggestion  or  with  his  approval, 
special  attention  need  not  be  drawn  to  them. 

One  change,  however,  relating  to  the  nomenclature  of  the  ions, 
calls  for  special  mention.  The  terminology  adopted  in  this  translation, 
with  the  approval  of  the  author,  is  that  proposed  by  Professor  James 
Walker,  F.R.S.  (Chemical  News,  1901,  84,  162).  I would  express 
my  thanks  to  Professor  Walker  for  his  kindness  in  placing  this 
nomenclature  before  me  in  time  for  its  incorporation  in  the  present 
translation. 

The  proof-sheets  have  all  passed  through  the  hands  of  the  author, 
and  I would  here  express  my  indebtedness  to  him  for  suggestions 
made  while  the  book  was  passing  through  the  press.  My  best  thanks 
are  also  due  to  Messrs.  R.  S.  Hutton,  M.Sc.,  and  Sydney  A.  Kay, 
B.Sc.,  for  their  invaluable  assistance  in  reading  the  proof-sheets. 


University  College, 

London,  January  1902. 


A.  F. 


PREFACE 


The  first  sketch  of  the  present  work  dates  back  double  the  time 
designated  by  Horace  as  necessary  for  the  maturing  of  a literary 
work,  and  some  of  the  attempts  to  overcome  the  difficulties  which 
were  then  met  with  have  occupied  me  during  the  whole  period  of  my 
activity  as  a teacher.  The  recognition  that  such  a task  is,  by  its 
nature,  unlimited,  and  that  it  is  possible  to  round  it  off  but  not  to 
bring  it  to  a conclusion,  finally  brought  the  resolution  to  maturity  to 
give  publicity  to  the  accompanying  attempt. 

The  task  which  hereby  presented  itself  was  to  so  incorporate  the 
new  notions  and  theories  of  scientific  chemistry  in  the  course  of 
instruction ' that  the  student  would,  from  the  beginning,  be  made 
acquainted  with  the  improved  views  instead  of  having  first  to 
learn  the  older,  untenable  notions,  only  to  find  out  later  that  these 
must  be  abandoned.  It  was  therefore  necessary  to  considerably  alter 
the  fundamental  form  which  is  at  present  found,  with  slight  modifica- 
tion, in  the  present  text-books.  I have  endeavoured  to  do  this  only 
to  such  an  extent  as  appeared  to  be  demanded  by  the  object  in  view, 
and  have  retained  as  much  as  was  possible  of  the  approved  forms. 
If  in  this  respect  I have  been  too  radical  in  my  procedure  for  the 
feelings  of  some  of  my  colleagues,  it  should  be  remembered  that  new 
cloth  in  old  garments  will  not  suffice  here.  On  the  contrary,  a con- 
nected whole  can  be  produced  only  when  it  is  formed  in  its  entirety 
by  one  mind  and  executed  according  to  one  plan. 

I have  retained,  in  the  first  place,  the  naturo-historical  arrange- 
ment of  the  subject  matter.  One  could,  perhaps,  even  now  venture 
the  experiment  of  constructing  chemistry  from  the  commencement  as 
a rational  science  on  the  basis  of  a few  general  principles,  and  intro- 
ducing the  description  of  the  various  substances  only  in  illustration  of 
these  general  laws.  I have  been  deterred  from  this  by  the  exigencies 
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of  the  historical  connection,  and  by  the  recognition  of  the  fact  that  the 
diversity  of  substances  is  too  great  and  a knowledge  of  each  of  them 
too  important  to  allow  of  such  a method  of  treatment  being  made  use 
of  for  instruction  at  the  present  time.  The  course  I have  pursued, 
therefore,  is  to  insert  the  general  laws  in  the  traditional  frame  of 
the  naturo-historical  arrangement  according  to  elements,  and  their 
compounds,  at  those  points  where  cause  and  opportunity  for  it  pre- 
sented themselves.  The  task  to  be  accomplished  here  has  some 
resemblance  to  an  artistic  problem ; for  the  insertion  of  the  general 
laws  could  not  be  left  to  chance  occasions,  but  these  laws  themselves 
had  to  follow  a systematic  arrangement  which  would  ensure  their 
comprehension  and  the  recognition  of  their  mutual  connection. 
Accordingly,  I cannot  regard  the  solution  attempted  by  me  as  the 
only  possible  one,  and  can  imagine  numerous  other  ways  of  attaining 
the  end.  It  appeared  to  me,  however,  to  be  worth  while  to  endeavour 
to  prove  that  such  a course  of  instruction  is  possible  at  all. 

A text-book  which  pursues  reformatory  plans  of  the  above  nature 
appeals  naturally  to  two  kinds  of  readers,  the  teacher  and  the  student, 
and  has  therefore  a double  task  to  perform,  which  increases  the  labour 
not  a little.  In  this  connection  I have  always,  in  cases  of  doubt,  first 
had  regard  to  the  requirements  of  the  student,  and  have  thereby  been 
led  to  a certain  fulness  of  treatment  which  would  not.  have  been 
necessary  had  I written  exclusively  for  the  teacher.  If  the  latter  has 
to  take  much  that  is  “ self-evident  ” along  with  the  rest,  he  has,  on 
the  other  hand,  the  convenience  of  finding  the  subject-matter  already 
formed  into  shape,  and  only  requires  to  modify  it  according  to  his 
personal  views,  without  himself  having  to  carry  out  the  remoulding  of 
the  material  for  his  pupils. 

With  regard  to  the  student,  I have  felt  myself  pledged  to  the 
carrying  out  of  the  chief  thought,  viz., — to  offer  him  a really 
systematically  arranged  subject,  strictly'-  developed  in  such  a way 
that  for  a comprehension  of  the  new  facts  only  a knowledge  of  that 
Avhich  has  preceded  is  assumed,  not  of  that  which  follows.  To  render 
the  first  study  more  easy,  the  discussions  which  in  a first  reading  may 
be  omitted,  either  because  of  their  being  more  foreign  to  the  subject 
in  hand  or  because  of  especial  difficulties,  are  marked  with  an  asterisk. 
In  all  cases  I have  made  it  a rule  to  introduce  general  discussions 
only  when  some  readily  intelligible  facts  furnished  an  example  to 
which  these  considerations  were  to  be  applied.  I have  therefore  not 
hesitated  to  return  repeatedly  to  the  same  question  whenever  it 
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appeared  to  me  that  its  complete  discussion  at  the  point  where  it 
was  first  introduced  would  lead  too  far  afield.  The  beginner, 
especially,  I hope  to  have  more  than  compensated  for  the  loss  of 
systematic  strictness  which  such  a method  makes  necessary,  by  the 
assurance  of  a greater  familiarity  with  the  subject. 

For  the  carrying  out  of  the  rational  construction  of  the  chemical 
system,  a method  has  proved  suitable  which,  as  has  meanwhile 
appeared,  was  always  applied  by  the  recently  deceased  great  master 
of  chemical  investigation  and  teaching,  Robert  Bunsen.  It  consists  in 
giving  a short  summary  of  the  chemical  relations  which  are  familiar 
to  every  one  from  his  daily  life,  after  the  fundamental  conceptions  of 
chemistry  have  been  established,  but  before  the  regular  description  of 
the  substances  and  their  transformations.  This  summary  appropriately 
follows  on  the  introduction  of  the  conception  of  chemical  elements ; 
not  only  does  that  conception  thereby  receive  ample  illustration, 
but  the  further  advantage  is  obtained  that  where,  as  so  often  occurs, 
the  necessity  arises  of  mentioning  substances  which  are  treated  only 
at  a later  point  of  the  course,  reference  can  be  made  to  what  has 
there  been  said. 

I have  exercised  particular  care  in  the  development  of  the 
conception  of  ions.  Sufficient  attention  is  perhaps  not  paid  to  the 
possibility,  the  necessity  even,  of  introducing  this  conception  as  a 
purely  chemical  and  not  as  an  electrical  one.  Even  although, 
historically,  it  arose  as  the  latter,  its  importance  in  chemistry 
depends  essentially  on  its  giving  expression  to  the  chemical  fact  of 
the  individual  reactions  of  the  components  of  salts,  and  it  is  in  this  sense 
that  I have  developed  it.  The  facts  of  electrolysis  and  Faraday’s 
law  serve  then  only  to  widen  and  to  deepen  the  conception  obtained 
by  a chemical  method.  I believe  also  that  this  is  the  wajr  in  which 
these  views  can  be  introduced  even  at  a very  early  stage  of  chemical 
instruction,  without  making  too  great  demands  on  the  pupil. 

In  this  connection  I cannot  refrain  from  expressing  my  con- 
viction that,  compared  with  formerly,  the  demands  made  on  the 
intellectual  co-operation  of  the  student  of  chemistry  must  be  in- 
creased. In  proportion  as  chemistry  develops  from  the  condition  of 
a descriptive  to  that  of  a rational  science,  it  makes  greater  claims 
on  the  powers  of  thought  and  abstraction  of  its  disciples.  In  this 
respect  it  approaches  more  and  more  to  physics.  Since,  indeed,  it  is 
chiefly  the  same  students  who  are  at  the  same  time  learning  chemistry 
and  physics,  the  intellectual  activity  with  which  the  student  of  physics 
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is  accredited  may  also  be  claimed  for  the  student  of  chemistry.  I 
cannot  conceal  the  fact  that  I have  always  been  greatly  grieved  by 
the  conscious  descent  to  a lower  intellectual  stage  which  is  so  often 
found  in  elementary  chemical  text-books  as  compared  with  the  text- 
books of  physics  or  of  mathematics  designed  for  the  same  period  of 
study.  This  circumstance  is  certainly  to  a great  extent  the  cause  of 
the  idea  which  so  readily  arises  among  the  younger  physicists  that 
chemistry  is  a science  of  a lower  rank. 

If  the  present-day  chemistry,  therefore,  makes  greater  demands  on 
the  power  of  rational  thinking,  it  also  renders  the  purely  memory 
work  of  mastering  the  subject  considerably  more  easy  for  the  student. 
The  growth  of  the  scientific  interpretation  and  elucidation  of  the 
separate  facts  of  chemistry  facilitates  in  the  highest  degree  the 
impression  of  them  on  the  mind  and  their  application,  and  at  the 
same  time  affords  an  incomparably  greater  intellectual  enjoyment 
than  the  study  of  the  older,  essentially  descriptive  chemistry  could 
offer.  From  the  experience  gained  from  laboratory  teaching  during 
a number  of  years,  I believe  I may  assert  that  it  is  just  for  those 
students  who  are  endowed  with  some  tendency  towards  independent 
thinking  that  the  study  of  chemistry  becomes  both  more  easy  and 
more  living  through  its  presentation  in  the  modern  spirit. 

A few  words  ought  also  to  be  said  regarding  the  fact  that  the 
intention  of  the  present  book  is  to  be  a text-book  of  pure  chemistry. 
Regard  has  been  paid  to  the  related  sciences  and  arts  only  in  so  far 
as  chemical  questions  play  a part  in  them.  This  holds  in  the  first 
place  for  chemical  technology,  and  also  for  medicine,  agriculture, 
political  economy,  etc.  The  need  of  rendering  more  palatable  the 
‘ ‘ in  itself  dry  ” material  of  chemistry  by  the  addition  of  such 
matter  has  not  been  experienced  by  me,  nor  can  I recognise  its 
existence.  The  subject-matter  of  chemistry  is  dry  only  when  it  is 
limited  to  an  enumeration  of  properties  and  to  a collection  of 
preparative  receipts.  So  soon  as  it  is  treated  in  a truly  scientific 
manner,  each  chemical  compound  becomes  the  centre  of  so  much 
general  and  therefore  interesting  discussion  that  embarrassment  is  felt 
not  on  account  of  the  lack  but  on  account  of  the  abundance  of 
relationships.  In  proportion  as  any  branch  of  study  becomes  more 
scientific,  the  necessity  arises  of  restricting  it  to  its  own  sphere. 

Of  course  we  do  not  here  speak  against  the  acquirement  of  a 
solid  knowledge  of  the  related  sciences  by  the  future  chemist. 
On  the  contrary.  But  such  knowledge  will  be  all  the  more  solid 
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the  more  it  is  acquired  by  special  study  directed  to  that  object ; 
for  the  indications,  necessarily  scanty  and  incomplete,  to  which  a 
text-book  of  chemistry  must  limit  itself,  rather  give  rise  to  the 
danger  that  the  student  thinks  he  knows  things  of  which  he  has  on 
some  occasion  heard  such  indications,  and  considers  a closer  study  of 
them  to  be  unnecessary. 

Much  might  still  be  said  to  explain  and  justify  the  method  of 
treatment  wherein  the  present  book  differs  from  others  written  for 
the  same  purpose.  The  finding  out  and  the  criticism  of  these  details, 
however,  ought,  I think,  to  be  left  to  the  expert  teacher  of  chemistry. 
In  the  interest  of  the  student , I have  in  all  cases  avoided  a polemical 
discussion  of  opposing  opinions ; and  although  I am  prepared  to  grant 
the  possibility  and  probability  of  mistakes  in  the  views  which  I have 
here  given  as  appearing  to  me  to  be  the  most  appropriate,  I neverthe- 
less believe  that  I may  assert  that  these  views  are  the  outcome  of 
careful  consideration.  The  first  three  chapters,  for  example,  were 
rewritten  four  and,  in  part,  five  times  before  they  assumed  the  form 
which  they  now  have.  I would  therefore  beg  the  reader  to  believe, 
in  cases  where  doubt  may  exist,  that  there  was  some  special  reason 
for  the  particular  position  adopted.  This  does  not  exclude  but  rather 
involves  my  readiness,  in  any  given  case,  to  honour  any  opposing  views. 

May  this  book,  then,  which,  in  a certain  sense,  forms  the  coping- 
stone  of  a long  course  of  active  work  pursued  with  affection  towards 
the  general  introduction  and  extension  of  the  new  foundations  of 
chemistry  laid  by  Horstmann,  Willard  Gibbs,  van’t  Hoff,  and  Arr- 
henius, achieve  the  good  hoped  for,  and  help  to  enlist  and  train  new 
troops  for  the  victorious  march  of  our  splendid  science. 

I cannot  conclude  these  introductory  remarks  without  remembering 
in  gratitude  tbe  excellent  assistance  afforded  me  by  Messrs.  Bottger, 
Bodenstein,  Brauer,  Luther,  and  Wagner,  in  that  they  read  the  proof- 
sheets  and  gave  me  much  good  advice  both  as  regards  the  form  of 
treatment  and  the  subject-matter.  My  special  thanks  are  further  due 
to  Mr.  Brauer  for  the  preparation  of  the  figures, — over  one  hundred  in 
number, — which  were  specially  drawn  for  this  book.  It  will  be  easily 
seen  that  they  are  not  diagrammatic,  but  sketched  from  apparatus  actu- 
ally put  together ; they  thereby  form  a considerable  part  of  the  didactic 
portion  of  the  book  relating  to  the  performance  of  experiments. 

W.  OSTWALD. 

Leipzig,  31  st  July  1900. 
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CHAPTER  I 


GENERAL  PRINCIPLES 

Chemical  Phenomena. — The  objects  and  processes  which  make  up 
the  outer  world  of  man,  form  the  material  of  Natural  Science. 
Although,  in  reality,  there  is  only  one  Natural  Science,  extending  over 
the  whole  range  just  indicated,  still  the  necessity  of  facilitating  the 
survey  of  the  whole  extent  of  our  knowledge  had  led,  even  at  an  early 
period,  to  the  formation  of  subdivisions,  in  which  were  grouped  to- 
gether phenomena  more  closely  related  to  one  another,  i.e.  similar 
phenomena.  Such  a subdivision  is  formed  by  Chemistry. 

The  exact  definition  of  the  subject-matter  of  chemistry  and  of  the 
boundary  between  it  and  the  other  branches  of  science  related  to  it, 
cannot  be  given  at  this  point,  since  for  this  purpose  there  is  necessary 
a knowledge  of  facts  which  have  first  to  be  given  in  this  work.  Still,  it 
will  simplify  matters  for  the  beginner  to  give  him  a token  by  which 
most  of  the  chemical  phenomena  can  be  recognised,  and  which  will 
therefore  afford  him  guidance  as  to  the  direction  in  which  he  has  to 
give  his  attention. 

In  the  world  outside  of  us,  we  recognise  regions  of  space,  marked 
off  and  distinguished  from  what  surrounds  them,  and  these  distinguish- 
able things  are  called  bodies.  If  we  consider  some  definite  body,  we 
often  notice  that  it  undergoes  some  change,  i.e.  its  relations  to  the 
instruments  of  sense  by  means  of  which  we  perceive  it,  and  to  its 
environment,  are  changed.  Such  changes  can  be  divided  into  two 
large,  although  not  sharply  defined,  groups.  Either  they  affect  only 
one  or  some  few  relations  and  properties  of  the  body  considered , or  they  are  of 
a more  radical  nature,  such  that  the  body  under  consideration  disappears  and 
its  place  is  taken  by  other  bodies  having  other  properties. 

Phenomena  of  the  former  kind  belong  to  Physics ; those  of  the 
latter,  to  Chemistry. 

Take,  for  example,  some  definite  body,  such  as  a piece  of  sulphur. 
If  we  push  it,  it  changes  its  place ; it  rolls  over  the  table.  None  of 
its  other  properties,  however,  undergo  change;  it  retains  its  yellow 
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colour,  its  form,  its  weight,  etc.  Movement  is  therefore  a physical 
phenomenon. 

We  can  place  the  piece  of  sulphur  in  hot  water  and  it  acquires 
thereby  the  property  of  producing  the  sensation  of  warmth  when 
placed  on  the  skin.  No  other  change  can  be  perceived.  If  we  rub  it 
with  a cloth,  it  acquires  the  property  of  attracting  light  objects,  such 
as  scraps  of  paper ; it  has  become  electrified.  Here  again,  no  other 
change  in  its  properties  can  be  recognised.  These  phenomena  are, 
therefore,  also  to  be  assigned  to  physics. 

We  now  bring  the  piece  of  sulphur  in  contact  with  a flame.  It 
takes  fire  and  begins  to  burn  with  a blue  flame.  The  smell  of  burn- 
ing sulphur,  also,  becomes  noticeable,  and  if  the  burning  lasts  some 
time,  the  sulphur  disappears ; it  is  burnt.  In  this  process,  not  only 
do  particular  properties  of  the  sulphur  undergo  change,  but  the 
sulphur  disappears  altogether,  so  that  Ave  can  no  longer  see  it  at  all. 
From  the  smell  Avhich  arises  at  the  same  time,  and  Avhich  was  not  there 
before,  Ave  can  conclude  that  something  else  has  been  produced  from  it. 
In  this  case,  therefore,  the  sulphur  has  undergone  a chemical  process. 

We  recognise  such  chemical  processes  everyAvhere  around  us.  The 
burning  of  petroleum  and  stearin  in  our  lamps  and  candles,  of  coal  in 
our  fires,  the  transformation  of  food-substances  in  the  animal  organism, 
the  processes  connected  AAuth  the  germination  and  groAvth  of  plants, 
the  rusting  of  iron,  the  turning  sour  of  milk,  the  putrefaction  of  dead 
animal  and  vegetable  matter  and  innumerable  other  phenomena  of  a 
like  kind,  are  identified  as  chemical  through  the  disappearance  of  exist- 
ing bodies  and  the  appearance  of  new  ones  possessing  other  proper- 
ties. To  establish  the  laAvs  of  all  these  phenomena  is  the  task  of  the 
science  of  chemistry. 

Experience.— In  describing  the  simple  phenomena  Avith  which 
Ave  have  just  been  occupied,  Ave  have  employed  Ararious  conceptions 
and  ideas  of  Avhich  we  daily  make  use  and  Avhich  are  therefore 
familiar  to  us.  For  scientific  purposes,  hoAvever,  we  dare  not  rest 
satisfied  with  the  someAvhat  indefinite  and  arbitrary  notions  Avhich  Ave 
attach  to  such  words  in  ordinary  life  ; their  full  purport  must  be 
examined  and  their  meaning  established  Avith  definiteness. 

That  Avhich  enters  directly  into  the  consciousness  of  a particular 
individual,  is  the  changing  conditions  of  his  mind.  We  soon  distin- 
guish between  the  inner  and  the  outer  experiences ; the  former  are 
dependent  on  our  Avill,  the  latter  are  not,  or  are  so  only  indirectly. 
On  account  of  this  independence,  Ave  assume  that  such  experiences 
have  their  cause  in  something  that  is  different  from  our  person,  and 
the  totality  of  these  experiences  Ave  call  the  outer  world. 

All  our  experiences  form  a series  of  diverse  states  or  processes 
differing  among  themselves.  An  event  is  never  repeated  in  exactly 
the  same  Avay  as  it  had  once  occurred. 

Our  relation  to  life  Avould,  therefore,  be  that  of  a wanderer  in  the 
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darkness  of  an  unknown  and  trackless  region,  if  it  were  not  that  there 
are  events  which  repeat  themselves,  not  in  their  entirety,  it  is  true, 
but  still  to  a large  extent.  When  we  have  experienced  a number  of 
such  occurrences,  we  are  in  a position  to  foresee  the  probable  further 
course  of  one  of  them  when  it  recurs.  If  it  is  an  event  which  influ- 
ences our  condition  in  some  particular  way,  we  are  able  to  act  so  as  to 
gain  the  greatest  advantage,  or  suffer  the  least  harm,  from  it. 

The  recognition  of  such  events  as  in  large  measure  repeat  them- 
selves, is  called  experience.  It  consists,  therefore,  on  the  one  hand,  in 
the  recognition  of  the  circumstances  under  which  definite  events  occur, 
and,  on  the  other  hand,  in  our  knowledge  of  the  course  of  the  events 
or  of  the  sequence  of  their  parts. 

Conceptions  and  Laws  of  Nature. — Not  science  only,  but  all 
mental  life  whatever,  begins  with  the  collecting  of  such  similarities 
and  the  distinguishing  of  them  from  others.  Even  the  brute  does  this 
when  it  seeks  shelter  in  the  thicket  from  rain  or  from  a pursuer, 
because  such  action  had  before  proved  successful  in  similar  circum- 
stances. The  most  general  relations  of  this  kind  are  contained  in 
language.  Every  noun,  like  “ dog  ” or  “ stone,”  signifies  that  we  are 
dealing  with  a large  series  of  concordant  experiences  which  present 
definite  and  always  recurring  similarities.  For  this  reason  the  word 
sulphur  signifies  not,  let  us  say,  some  one  definite  impression  which  I 
have  once  had  at  some  particular  time,  but  it  is  the  summing  up  of 
repeated  impressions  in  which  can  be  recognised  a group  of  different 
characteristics  which  always  occur  together.  The  sum  total  of  the 
concordant  characteristics — those  which  are  discordant  being  excluded — 
is  then  gathered  together  in  one  such  name. 

Thus  in  the  case  of  the  word  sulphur,  I think  of  a yellow,  solid 
substance,  which  can  be  set  on  fire,  which  becomes  liquid  at  a not  very 
high  temperature,  which  sinks,  without  dissolving,  in  water,  and  be- 
comes electrified  on  being  rubbed.  I do  not  think  of  sulphur  as 
having  a definite  shape  or  size,  but  rather  I denote  by  the  name  a 
piece  of  any  size  in  which  I recognise  the  properties  mentioned.  In 
the  formation,  therefore,  of  the  name  sulphur,  there  has  by  no  means 
been  taken  into  account  the  sum  total  of  all  properties  of  some  definite 
single  piece,  existent  or  imaginary.  On  the  contrary,  no  attention  has 
been  paid  to  the  size,  form,  and  origin  of  the  single  bodies  to  which  I 
give  the  name  of  sulphur,  but  account  has  been  taken  only  of  such 
properties  as  are  found  in  all  pieces,  independent  of  these  differences. 

Such  an  exclusion  of  differences  in  phenomena  which  in  other 
respects  are  similar,  is  called  abstracting,  and  the  result  of  the  abstrac- 
tion, which  in  the  more  simple  cases  is  condensed  into  one  name,  is 
termed  a conception. 

As  is  evident,  one  and  the  same  phenomenon  can  be  classed 
under  different  conceptions,  according  to  the  similarities  of  which  we 
take  account.  The  range  of  a conception,  or  the  number  of  single 
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phenomena  which  can  be  included  under  it,  can  be  so  much  the  greater, 
the  fewer  the  points  of  agreement  which  are  considered.  At  the  one 
extreme  are  the  single  names  which  mark  individuals,  i.e.  objects 
which  are  to  be  characterised  as  only  of  solitary  occurrence.  In  this 
case  we  have  very  great  variety,  and  generalisation  consists  only  in  the 
object  always  preserving  essentially  the  same  properties  for  a certain 
time— its  period  of  existence. 

At  the  other  extreme  are  the  general  conceptions,  such  as  “thing” 
or  “ object,”  in  which  emphasis  is  laid  on  no  other  property  than  on 
that,  that  it  can  be  distinguished  from  other  things. 

Now,  the  most  important  work  of  the  sciences  consists  in  the 
formation  of  suitable  conceptions.  A suitable  conception  is,  however, 
one  under  which  is  embraced  as  large  a number  as  possible  of  single 
phenomena  in  such  a manner  as  to  contain  the  largest  possible 
number  of  definite  statements  regarding  each.  The  content  of  such 
statements  is  given  by  the  Laws  of  Nature. 

Time  and.  Space. — One  of  the  first  things  we  experience,  is  the 
change  of  day  and  night,  and  the  unbroken  repetition  of  this  change 
of  light  and  darkness  in  our  surroundings,  has  therefore  led  to  a 
fundamental  conception,  that  of  time.  Since  this  change  is  quite 
independent  of  our  will,  we  employ  it  as  an  objective  measure  of  the 
events  of  our  life,  and  refer  these  to  the  marks  or  signs  which  the 
change  of  day  and  night  affords  us. 

For  many  occurrences  this  measure  is  too  large.  It  is  therefore 
divided  into  parts.  The  -sY-th  part  of  the  day-and-night  period,  called 
the  hour,  is  used  as  the  unit  in  daily  life.  For  scientific  purposes,  the 
Axnnr^h  part  of  an  hour,  or  the  s6^00th  part  of  the  whole  period, 
serves  as  the  unit,  and  is  called  the  second. 

Experience  also  teaches  us  that  innumerable  differences  in  things 
can  exist  side  by  side  at  the  same  time.  This  diversity  is  condensed  in 
the  conception  of  space,  in  which  are  summed  up  all  generalities  and 
similarities  by  means  of  which  we  can  arrange  and  review  co-existent 
things. 

The  diversity,  which  we  call  space,  is  a threefold  one  and  shows 
itself  in  the  three  dimensions  length,  breadth,  and  height.  Spatial 
measurements  are  carried  out  either  in  one  dimension  (distance  or 
length),  or  in  two  dimensions  (areas),  or  in  three  (space  or  volume). 

"The  unit  of  length  is  the  length  of  a platinum  rod  preserved  in 
Paris.  This  is  approximately  equal  to  the  4 0 o (H) o uo^  Part  °f  ^e 
earth’s  meridian,  and  was  originally  intended  to  be  exactly  equal  to 
this.  Since  two  rods  of  this  length,  however,  can  be  compared  with 
one  another  with  much  greater  accuracy  than  the  ratio  of  one  of  them 
to  the  earth’s  meridian  can  be  determined,  that  relation  has  been,  'n  erj 
wisely,  discarded,  and  a considerable  number  of  similar  rods  have  been 
made  and  compared  exactly  with  the  standard  one. 

These  rods  are  kept  at  different  places,  so  that  should  one  or  other 
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of  tliem  by  some  mischance  be  destroyed,  the  unit  itself  would  still 
not  be  lost. 

This  unit  is  called  a metre.  It  is  equal  to  rather  more  than  half 
the  height  of  a man  of  average  stature.  For  scientific  purposes,  the 
metre  is  divided  into  100  parts,  called  the  centimetre,  which  in  writing 
is  abbreviated  to  cm.  Other  divisions  into  decimetre  and  millimetre, 
of  which  10  and  1000  respectively,  are  contained  in  a metre,  are  better 
not  to  be  used  in  science.  When  the  magnitudes  which  have  to  be 
expressed  are  much  greater  or  much  smaller  than  a centimetre,  they 
are  written  in  the  form  m x 10n  cm.  The  indices  most  used  are  + 5 
and  - 4.  The  length  100,000  cm.  or  105  cm.,  is  called  a kilometre ; 
a German  mile  is  therefore  nearly  equal  to  7 x 10n  cm.1  The  length 
10~4  cm.  is  called  a micron ; it  is  one-thousandth  of  a millimetre,  and 
is  at  the  limit  of  the  microscopically  visible.  It  is  also  denoted  by 
the  Greek  letter  /x. 

The  measures  of  area  and  volume  are  derived  from  the  measures 
of  length,  by  taking  as  the  unit  of  area  and  volume  a square  and  a cube 
respectively,  the  length  of  whose  side  or  edge  is  1 cm.  The  former 
unit  is  called  a square  centimetre,  abbreviated  sq.  cm.,  the  latter,  a 
cubic  centimetre,  cc.  These  are  the  only  units  employed  for  the 
purposes  of  pure  science.  In  daily  life  and  also  in  science,  the  litre, 
abbreviated  lit.,  which  contains  1000  cc.,  and  which  is  equal  to  the 
cubic  content  of  a cube  whose  edge  is  10  cm.,  is  often  used  as  the  unit 
of  volume.2 * 

Bodies  and  Substances. — In  the  outer  world  objects  can  be 
easily  recognised  having  a definite  spatial  limit  or  form  and  dis- 
tinguished by  their  properties  from  what  surrounds  them.  Such 
objects  are  called  bodies.  Every  body  is  characterised  by  the  pro- 
perties by  means  of  which  it  can  be  distinguished  from  what 
surrounds  it. 

If  we  imagine  a large  number  of  bodies  placed  side  by  side 
and  compared  with  one  another,  we  can  correlate  them  in  various 
ways.  We  can  consider  their  size  and  form,  and  arrange  them 
according  to  these  spatial  properties,  or  we  may  neglect  these  and 
consider  only  the  other  properties. 

If  we  leave  size  and  form  out  of  account  and  arrange  the  bodies 
in  such  a manner  that  those  which  agree  in  their  other  properties  are 
placed  in  the  same  group,  then  the  bodies  are  called  substances.  The 
files,  the  knife,  the  borer,  and  the  various  objects  on  the  tool-board, 
are  so  many  different  bodies.  If,  however,  we  leave  the  form  of  these 

1 An  English  mile  is  nearly  160,933  cm.,  or  rather  less  than  1-61  x 105  cm. — Tr. 

2 This  method  of  deriving  the  measures  of  area  and  volume  with  the  help  of  the 
square  and  tlie  cube,  is  by  no  means  necessary,  nor  is  it  the  only  one.  For  example, 
one  could  use  as  units  a triangle  and  a tetrahedron  of  1 cm.  side,  a circle  and  a sphere 

of  1 cm.  radius  or  of  1 cm.  diameter.  The  choice  of  the  square  and  the  cube  is,  how- 

ever, probably  the  most  suitable,  since  it  allows  of  the  easiest  calculation  of  areas  and 
volumes  from  measurements  of  linear  magnitudes. 
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out  of  account  and  consider  them  with  reference  to  their  other 
properties  which  are  independent  of  the  form,  we  shall  call  them 
the  same,  for  they  all  consist  of  the  same  hard,  heavy,  and  tough 
material  called  steel.  Steel  is,  therefore,  the  substance  of  which  the 
above-named  bodies  consist. 

In  the  same  way,  every  one  will  call  the  yellow,  pulverisable 
lumps  which  burn  with  a pale  blue  flame,  sulphur,  no  matter  whether 
they  are  large  or  small,  regular  or  irregular  in  form.  Sulphur  is  the 
name  of  a substance. 

The  fact,  now,  that  language  possesses  a fairly  large  number  of 
names  for  different  substances,  is  the  expression  of  a general  experi- 
ence or  of  a latv  of  nature.  Just  as  in  the  case  of  animals  and  plants, 
so  also  the  different  inanimate  bodies  can  be  separated  into  definite  “ species,” 
each  of  which  embraces  a large  number  of  individuals  or  single 
substances  with  concordant  properties.  As  is  known,  the  number  of 
species  in  the  case  of  animals  and  plants,  although,  certainly,  verv 
large,  is  still  incomparably  smaller  than  the  number  of  the 
individuals.  Likewise,  the  number  of  substances  which  differ  in 
their  properties  although  large,  is  incomparably  smaller  than  that 
of  the  single  bodies. 

This  fact  can  also  be  expressed  by  saying  that  in  the  bodies  there 
do  not  occur  all  imaginable  collocations  of  properties,  but  only  certain 
definite  ones.  Every  such  collocation  of  properties  which  does  really 
occur,  characterises  a definite  substance,  and  the  fact  that  the  bodies 
which  occur  in  nature  can  be  arranged  in  such  groups  or  “ substance- 
species,”  is  the  statement  of  an  important  law  of  nature,  the  fundamental 
law  of  chemistry.  It  is  the  object  of  chemistry  as  a science,  to  know 
the  properties  of  substances  and  the  relations  which  exist  between 
them. 

Properties. — What  we  have  termed  the  properties  of  substances, 
can  be  very  varied  in  kind.  Since  in  the  conception  of  a substance 
we  have  left  its  arbitrary  amount  and  its  form  out  of  account,  these 
cannot  be  regarded  as  properties  of  the  substance ; they  are  properties 
which  belong  to  a definite  body,  but  not  to  a substance.1 

On  the  other  hand,  properties  which  belong  to  a substance  are 
colour,  density,  power  of  refracting  light,  electrical  conductivity,  and 
many  others.  These  properties  occur  in  a particular  substance  always 
in  a definite  manner,  and  to  a definite  extent.  In  future  they  shall 
be  called  shortly,  properties  of  the  substance. 

Besides  these,  there  are  other  peculiarities  which  can  appear  in  a 

1 As  the  result  of  an  indefiniteness  in  the  use  of  language  which,  it  is  to  lie  regretted, 
is  very  wide-spread,  one  often  finds  in  text-books  and  memoirs  that  the  two  conceptions 
of  body  and  substance  are  not  kept  rigidly  separate,  but  are  mixed  up  in  such  a way 
that  the  word  body  is  often  used  where  substance  is  intended.  Descriptions  such  as 
“Sulphur  is  a yellow,  brittle  body,"  instead  of  substance,  occur  very  frequently.  In  this 
book,  we  shall  always  draw  a sharp  distinction  betweeu  the  two  ideas,  and  it  is  desirable 
that  the  general  scientific  usage  should,  in  this  respect,  also  assume  a more  definite  form. 
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body  consisting  of  the  substance  considered,  such  as,  temperature, 
electrical  charge,  pressure,  illumination,  etc.  These  we  shall  call,  not 
its  properties  but  its  conditions.  These  difler  from  the  true  properties 
in  the  fact  that  they  can  be  imparted  to  the  body  or  altered  at  will, 
without  the  substance  passing  into  another,  whereas  the  properties  are 
always  present  when  the  substance  is  present. 

The  optical  properties  of  a substance,  i.e.  its  colour , and  the  manner 
in  which  it  reflects  light,  or  its  lustre,  are  open  to  direct  observation. 
That  a piece  of  sulphur  is  yellow,  and  that  the  light  is  reflected  to  a 
fair  extent  from  its  surface,  can  be  seen  at  the  first  glance. 

I can  learn,  however,  that  the  density  of  sulphur  is  greater  than 
that  of  water,  only  when  I place  the  piece  of  sulphur  in  water  and 
note  whether  it  floats  or  sinks ; since  it  does  the  latter,  I conclude 
that  sulphur  is  denser  than  water.  In  what  ratio,  however,  it  is 
denser,  can  be  learned  only  by  making  a quantitative  experiment. 

So  it  is  also  with  the  other  properties  of  sulphur ; to  determine 
them,  an  experiment  must  be  made.  That  is  to  say,  we  bring  the 
substance  into  relations  which  are  different  from  the  ordinary,  and 
note  its  behaviour  under  these  new  conditions.  In  this  way  we  learn 
that  sulphur  is  a non-conductor  of  electricity,  when  we  touch  a charged 
electroscope  with  a piece  of  sulphur,  and  find  that  the  gold  leaves  do 
not  fall  together,  or  when  we  connect  a galvanic  cell  with  an 
electric  bell,  and  find  that  the  bell  does  not  ring  when  we  insert  a 
piece  of  sulphur  in  the  circuit.  Further,  by  heating  a piece  of  sulphur 
in  a glass  tube,  we  learn  that  it  melts  or  passes  into  the  liquid  state 
at  a not  very  high  temperature. 

The  last  mentioned  experiment,  the  melting  of  sulphur,  represents 
a transition  to  a group  of  other  properties  which  are  characterised  by 
the  fact  that  the  nature  of  the  substance  itself  undergoes  change, 
which  it  did  not  do  in  the  former  experiments. 

The  combustibility,  likewise,  of  sulphur  when  heated  in  the  air, 
is  such  a property.  Further,  if  we  mix  some  sulphur  with  iron 
powder  and  heat  the  mixture  in  a test-tube,  a thin-walled  glass  tube 
closed  at  one  end,  it  suddenly  becomes  incandescent,  and  when  cold, 
both  the  sulphur  and  the  iron  are  seen  to  have  disappeared,  and  in 
their  place  a black  substance  has  been  produced  with  quite  different 
properties. 

Processes  in  which  certain  substances  disappear  and  other  ones  are 
produced,  have  already  been  designated  as  chemical , in  contradistinction 
to  the  physical  or  those  in  which  the  substances  maintain  their  exist- 
ence. We  shall,  therefore,  divide  the  properties  of  a given  substance 
into  physical  and  chemical ; the  former  being  those  we  observe  when 
the  substance  remains  unchanged,  the  latter  being  seen  when  the 
substances  are  converted  into  others. 

* The  question  is  often  raised,  whether  processes  such  as  fusion, 
when  the  temperature  is  raised,  or  solution  in  a solvent,  are  to  be 
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regarded  as  chemical  or  as  physical.  Disagreement,  however,  on  this 
question  is  without  point,  since  nothing  of  an  essential  nature  depends 
on  the  decision;  for  this,  evidently,  is  of  consequence  only  with  regard 
to  the  arbitrary  plan  of  treatment.  If  we  retain  the  definition  already 
given,  we  shall  recognise  that  sulphur  with  its  properties  certainly 
disappears  when  it  is  made  to  assume  the  liquid  state,  by  heating  or 
by  treatment  with  a solvent.  It  therefore  undergoes  a chemical 
change.  Many,  however,  designate  such  changes  as  physical,  since  it 
is  easy  to  recover  the  sulphuf  in  the  solid  form  with  all  its  properties, 
by  lowering  the  temperature  or  by  evaporating  off  the  solvent.  But  a 
substance  which  has  undergone  chemical  change  can,  in  general,  also 
be  again  obtained  from  the  new  substances  produced,  although  more 
complicated  methods  are  often  necessary.  It  will,  therefore^  on  the 
whole,  be  better  to  class  these  changes  along  with  the  chemical. 

Homogeneous  Substances  and  Mixtures. — Whereas  in  every- 
day life,  for  the  purpose  of  characterising  a substance,  we  make  use  of 
those  properties,  which  appeal  to  our  senses,  and  which  allow  only  of 
making  rough  distinctions,  it  is  the  task  of  chemistry  to  ascertain  with 
all  possible  exactness  all  the  properties  which  can  be  employed  for  the 
characterisation  of  a substance  in  the  sense  in  which  we  have  defined 
it.  This  is  possible,  however,  only  when  every  part  of  the  substance 
has  exactly  the  same  properties  as  every  other  part.  If  we  consider, 
for  example,  a piece  of  granite,  we  readily  convince  ourselves  that  this 
stone  is  made  up  of  parts  having  different  properties.  Beside  the 
white,  very  hard  grains  there  are  others  which  are  less  hard  and  of  a 
reddish  colour,  and  between  these  there  are  rather  soft,  lustrous 
laminae.  In  determining  the  properties  of  such  a body,  various  results 
would  therefore  be  obtained,  according  as  the  one  or  other  small 
piece  were  examined. 

We  cannot,  therefore,  designate  granite  as  a substance  in  the 
chemical  sense,  but  rather  as  a mixture  of  different  substances.  As  the 
characteristic  of  a substance  in  the  chemical  sense,  we  must  demand 
that  all  portions  into  which  it  can  be  separated,  exhibit  the  same 
properties.  Such  substances  are  called  uniform  or  homogeneous. 
According  to  this,  chemistry  is  the  science  of  uniform  or  homogeneous 
substances.  Simple  as  this  conception  appears,  it  required  a long 
time,  a time  to  be  reckoned  by  centuries,  for  it  to  be  formed  with 
sufficient  clearness,  and  the  older  history  of  chemistry  as  a science, 
might  be  called  the  history  of  the  labours  in  the  working  out  of  this 
conception.  The  difficulty  lay  essentially  in  the  fact  that  a sufficient 
distinction  was  not  made  between  mixtures  and  homogeneous  sub- 
stances, with  the  result  that  the  regularities  which  are  peculiar  to  the 
latter  but  not  to  the  former,  were  overlooked. 

The  Exactness  of  the  Law  of  Properties. — The  statement 
that  sulphur  is  denser  than  water,  and  that  it  melts  at  a moderate 
temperature,  can  be  made  in  a much  more  definite  form  by  stating  in 
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what  ratio  the  density  of  sulphur  is  greater  than  that  of  water,  and  at 
what  temperature  the  fusion  of  sulphur  occurs. 

In  a like  manner,  many  other  properties,  and  especially  physical 
properties,  can  he  expressed  in  definite  measure,  and  the  question 
arises,  how  do  different  samples  of  the  same  substance  behave  when  a 
quantitative  determination  of  their  properties  is  made.  _ 

One  might  imagine  that  substances  behave  in  a manner  similai  to 
the  species  of  animals  and  of  plants.  The  different  specimens  of  one 
species,  e.g.  the  common  mouse,  resemble,  it  is  true,  but  do  not 
completely  agree  with  one  another  in  size,  growth  of  hair,  colour, 
shape,  etc.  On  the  contrary,  within  certain  limits,  they  show  differ- 
ences  with  regard  to  their  properties.  In  like  manner  one  could 
assume  that  the  properties  of  different  specimens  of  the  same  sub- 
stance have  closely  approximate  values,  that  these  values,  however, 
are  not  quite  definite  but  vary  within  certain  limits. 

The  innumerable  investigations  of  this  point  which  have  been 
undertaken,  show  that  the  law  of  properties  of  substances  holds  not 
only  approximately  but  exactly,  and,  therefore,  the  measurable  properties 
of  different  specimens  of  the  same  substance  agree  not  only  approximately  but 
with  all  exactness. 

* It  must  be  at  once  emphasised  that  it  is  not  intended  here  to 
assert  the  absolute  validity  of  the  law.  The  absolute  can  never  be  the 
subject  of  experience,  and,  in  fact,  it  is  not  admissible  to  employ  the 
word  absolute  with  reference  to  any  relationship  based  on  experience. 
The  meaning  of  the  assertion  is  rather  this,  that  experience  has,  so 
far,  shown  no  deviations  which  are  beyond  the  limits  of  the  possible 
error  of  observation.  For,  every  measurement  is  exact  only  within  a 
certain  limit,  and  all  conclusions  which  are  drawn  from  these  measure- 
ments can  be  valid  only  to  this  limit.  Thus,  the  density  of  sulphur 
can  be  determined  only  with  a limited  degree  of  accuracy,  and  if  the 
same  value  has  been  obtained  with  different  specimens,  the  identity 
can  be  asserted  only  to  this  limit.  The  meaning  of  the  assertion  that 
the  properties  of  different  specimens  of  the  same  substance  are  the 
same,  is  only  this,  that  within  the  limits  of  error  hitherto  reached,  no 
differences  have  been  found. 

* The  accuracy  with  which  a magnitude  is  known  must  always  be 
expressed  infractions  of  its  value,  and  not  as  a concrete  number.  If  in 
the  measurement  of  a length  the  possible  error  amounts  to  OT  cm., 
this  may  express  a large  or  a small  degree  of  accuracy,  according  as 
the  length  is  long  or  short.  If  we  measure  a distance  of  20  metres  to 
within  OT  cm.,  the  measurement  is  very  exact,  for  the  error  amounts 
to,  at  most,  v>  o o o o th  of  its  value.  On  the  other  hand,  if  a length  of 
3 cm.  is  known  with  such  a limit  of  error,  the  measurement  is  not 
very  exact,  for  the  error  can  amount  to  yy^th  of  the  measured  value. 

Pure  Substances  and  Solutions. — To  the  law  which  has  just 
been  enunciated,  it  might  be  objected  that  although,  on  the  whole, 
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the  substance  which  we  designate,  for  example,  by  the  name  water 
usually  has  the.  same  properties,  still  the  different  kinds,  such  as^ 
spring-water,  rain-water,  river-water,  sea-water,  show  marked  differ- 
ences in  their  properties.  However,  these  differences  are  not  due  to 
the  water,  but  to  other  substances  mixed  with  it  which  have  been 
obtained  from  the  surroundings  in  which  the  water  occurs.  The 
water  can  be  separated  from  these  admixtures  by  a simple  expedient. 
Ihus  if  we  convert  the  different  kinds  of  water,  by  heating,  into 
vapour  and  reconvert,  by  cooling,  the  vapour  into  water,  they  all 
yield  pure  water  with  entirely  concordant  properties.  The  “ impurities  ” 
remain  behind  in  the  vessel  in  which  the  water  was  evaporated. 

All  other  substances  with  which  chemistry  has  to  deal,  behave  in 
a similar  manner.  By  suitable  treatment,  which  differs  according  to 
the  nature  of  the  substance,  the  latter  can  be  freed  from  any°  ad- 
mixtures Avhich  may  be  present.  It  then  shows  entirely  identical 
properties,  no  matter  from  what  source  it  has  been  obtained. 

This  case  of  impure  water  differs  in  one  important  point  from  the 
case  of  mechanical  mixture,  granite,  mentioned  before.  Whereas  in 
the  case  of  granite  the  component  parts  can  be  distinguished  even  by 
the  naked  eye  and,  in  other  cases,  what  appears  to  the  unaided  eye  as 
homogeneous  is  recognised  under  the  microscope  as  a mixture,  it  is 
impossible  in  the  case  of  impure  water,  as  we  have  it,  for  example,  in 
clear  sea-water,  to  see  the  impurities.  Under  the  strongest  microscope 
we  can  recognise  only  transparent  water,  nor  is  there  any  other  means 
by  which  we  can  show  the  presence  of  parts  distinguishable  in  space. 
Sea- water  is  therefore  a uniform  substance ; it  is,  however,  not  a 
simple  substance  in  the  chemical  sense,  for  it  can  be  separated,  by  the 
simple  method  of  evaporation  just  mentioned,  into  pure  water  and 
salt,  and  the  water  so  obtained  has  exactly  the  same  properties  as  any 
other  specimen  of  pure  water. 

Those  substances  which  appear  homogeneous  but  which,  in  the 
sense  just  explained,  are  not  simple  or  pure,  are  called  solutions.  They 
are  distinguished  from  pure  substances  chiefly  by  the  fact  that  their 
properties  from  case  to  case,  although  similar,  still  differ  by  measurable 
amounts.  These  differences  can  have  all  possible  values  within  definite 
limits,  and  by  this  fact,  solutions  can  be  distinguished  from  simple 
substances.  They  can  be  prepared  by  mixing  simple  substances  in  any 
proportions  (within  certain  limits)  and  their  properties  change  con- 
tinuously with  these  proportions. 

We  shall  find  other  differences  when  we  come  to  discuss  the 
general  laws  to  which  the  simple  substances,  or  substances  in  the 
chemical  sense,  are  subject  (Chap.  VII.). 

How  many  Properties  are  necessary  for  the  Characterisa- 
tion of  a Substance  1 — Since  the  number  of  properties  of  a given 
substance  is  very  large,  and  since  also,  two  things  can  be  designated 
as  identical  in  substance  only  when  they  show  entire  agreement  in  all 
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their  properties,  the  task  of  testing  whether  two  substances  are  the 
same  or  not,  appears  impracticable.  And  still,  chemists  are  wont  to 
identify  substances  with  certainty  after  testing  some  few  properties 

The  surmounting  of  this  difficulty  is  rendered  possible  by  the 
fundamental  law  of  chemistry  already  given  (p.  6).  This  law  in  its 
application  to  the  present  question,  can  be  stated  thus:  1 1 hen  iuo 
substances  agree  entirely  in  some  few  properties,  they  agree  also  with  regaid 

to  all  other  properties.  , 

* This  law,  like  all  other  laws  of  nature,  is  only  a summary  of 

observed  facts.  It  does  not  prescribe  that  something  shall  happen, 
but  only  states  what  relations  exist.  For  this  reason  the  term 
“law,”  borrowed  from  jurisprudence,  is  not  very  suitable  for  express- 
ing such  regularities  in  natural  phenomena,  and  it  can  be  used  without 
disadvantage  only  when  the  distinction,  to  which  we  have  just  drawn 
attention,  between  a law  of  nature  and  a civil  law  has,  once  for  all, 

become  quite  clear.  , 

# Induction. The  total  number  of  cases  classed  under  a law  ol 

nature  can,  evidently,  be  divided  into  two  groups : a small  one,  em- 
bracing the  cases  which  have  been  tested,  and  a very  large  one,  to 
which  belong  the  cases  which  have  not  been  examined.  For  the  task 
of  testing  a law  in  all  cases  in  Avhich  it  applies  could  not  be  unclei- 
taken/as  the  labour  involved  would  be  too  great. 

And,  indeed,  the  necessity  for  such  an  examination  is  not  felt ; for, 
from  the  fact  that  in  all  cases  which  have  been  observed  the  law  has 
been  found  valid,  we  may  conclude  with  a high  degree  of  probability 
that  it  will  hold  equally  in  those  cases  which  may  in  future  be  investi- 
gated. This  probability  becomes  all  the  stronger  as  the  number  of 
cases  investigated  increases,  and  the  more  the  cases  chosen  foi 
examination  are  independent  of  one  another. 

When  the  universal  validity  of  the  relationship  has  been  established 
with  a definite  measure  of  probability,  we  are  accustomed  to  regard  it  as 
a law  of  nature.  However,  the  history  we  have  just  given  of  the  genesis 
of  such  a law,  implies  that  it  cannot  have  the  character  of  a necessity, 
and  it  is  quite  possible  that,  following  on  the  many  confirmatory  cases, 
some  should  be  found  which  do  not  conform  to  the  law.  The  pro- 


cedure which  we  have  to  adopt  in  such  cases  will  be  discussed  later. 
For  the  present,  we  accept  the  statement  that  the  laAvs  of  nature  are 
conclusions  as  to  probabilities,  based  on  experience. 

Such  conclusions  are  called  inductive,  and  the  procedure  by  Avhich 
they  are  obtained  is  called  induction.  The  Avhole  of  natural  science  is 
built  up  of  such  inductive  conclusions. 

Sometimes  the  need  has  been  felt  of  placing  the  laAArs  of  nature  on 
a more  certain  foundation  than  is  furnished  by  conclusions  by  analogy 
based  on  experience,  since  these  afford  no  protection  against  the  pos- 
sibility of  a contradictory  case.  HoAvever,  this  foundation  is  the  most 
trustworthy  that  can  be  found  at  all,  for  the  constant  reference  to 


12 


PRINCIPLES  OF  INORGANIC  CHEMISTRY 


CHAP. 


experience  prevents  the  investigator  from  replacing  the  actual  relations 
by  something  imagined,  which,  although  it  may  be  as  consequent  as 
possible,  still  contains  the  possibility  of  deviation  from  actual  facts. 
The  natural  sciences  are,  however,  not  called  upon  to  represent  the 
possible  but  the  actual  relations,  and  this  they  can  do  only  by  direct 
and  continual  reference  to  experience. 

The  Characteristics  of  Substances. — The  number  of  different 
kinds  of  properties  which  can  be  measured  or  observed  in  a substance 
is  very  large,  and  increases  continually  with  the  advance  of  science. 
Even  if  it  must  be  the  task  of  chemistry  to  investigate  all  accessible 
properties  in  the  case  of  all  substances,  there  is  still  naturally  a differ- 
ence in  the  importance  which  is  to  be  attached  to  the  knowledge  of 
the  different  properties.  Especially  for  the  first  introduction  to  the 
science  it  is  necessary  to  set  a limit  to  the  task.  We  shall,  accordingly, 
examine  more  in  detail,  only  a few  of  the  properties,  only  so  many  as 
will  serve,  in  the  first  instance,  for  the  sufficient  characterisation  of  the 
different  substances  and  for  the  explanation  of  the  relations  between 
them. 

Colour. — The  most  evident  property  of  a substance,  and  the  one 
most  easy  to  observe,  is  its  colour.  It  therefore  forms  a very  import- 
ant characteristic  and  is  given  in  every  description. 

The  colour  of  a body  is  due  to  the  fact  that  a portion  of  the  white 
light,  by  which  Ave  observe  it,  is  absorbed  Avhile  another  portion  passes 
through  the  body.  It  is,  essentially,  only  rays  of  a definite  Avave- 
length  or  colour,  that  undergo  absorption,  and  the  transmitted  light 
is  therefore  poorer  in  these  rays.  The  colour  Avhich  is  produced  Avhen 
definite  rays  are  AvithdraAvn  from  Avhite  light,  is  called  the  comple- 
mentary colour  of  these  rays.  The  folloAving  are  complementarv 
colours  : — 


When  one  of  these  six  colours  is  absorbed,  the  complementary 
colour  placed  opposite  it  appears.  The  relation  is  reciprocal:  if  a 
substance  absorbs  blue  light,  it  appears  orange-coloured ; if  it  absorbs 
orange-coloured  light,  it  appears  blue. 

The  colours  Ave  have  named  represent  only  the  large  groups  ; there 
are,  in  reality,  an  infinitely  large  number  of  colours  and  complementaiy 
colours. 

Since  the  amount  of  light  absorbed  increases  Avith  the  thickness  of 
the  layer  through  Avhich.  it  passes,  the  depth  or  intensity  of  the  colour 
with  Avhich  the  substance  appears  is  dependent  on  the  conditions  it 
offers  to  the  passage  of  the  light ; the  thinner  the  layer  the  more 
faintly  Avill  it  appear  coloured. 

This  phenomenon  can  be  conveniently  sliOAvn  by  filling  a Avedge- 
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shaped  glass  vessel  with  a coloured  liquid  (Fig.  1).  A hen  this  vessel 
is  held  towards  the  light,  there  can  be  seen  not  only  the  deepening  ot 
colour  with  the  thickness  of  the  layer,  but  frequently,  also,  a change 
in  the  character  of  the  colour. 

* A thin  layer  of  a solution  of  chrome-alum  appears  green ; a 
thick  layer,  through  which  a strong  light  is  allowed  to  pass,  appears 

In  thecaseof  liquids  and  gases  thethickness  of  the  layer  is  determined 
by  the  shape  of  the  vessel,  but  in  the  case  of  solid  substances,  by  the  size 
of  the  pieces.  In  such  a case  the  light  enters  into  the  piece  and  aftei 
undergoing  reflexion  at  a posterior  surface,  passes  out  again  in  anothei 
direction.  If  we  therefore  view  a fairly  large  number  of  pieces  super- 
posed on  one  another,  the  resulting  colour  will  agree  approximately 
with  the  coloration  which  light  experiences  on  passing  through  a plate 
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whose  thickness  is  equal  to  twice  the  diameter  of  one  of  the  grains. 
This  is  the  reason  that  transparent,  coloured  substances  appear  lighter 
the  smaller  the  pieces  into  which  they  are  divided,  and  this  circum- 
stance must  be  taken  into  account  in  characterising  the  colour  of  a 
substance. 

* A crystal  of  copper  sulphate  is  dark  blue.  On  being  powdered  in 
a mortar  it  gets  lighter  in  colour  the  finer  the  powder  is.  Red  crystals 
of  potassium  dichromate  become  yellow  on  being  powdered. 

Besides  the  light  which  comes  from  the  interior  of  the  body  and 
which  is  changed  by  partial  absorption,  another  portion  reaches  the 
eye  directly  reflected  from  the  surface.  This  portion  varies  with  the 
nature  of  the  substance ; in  the  case  of  transparent  substances  it  is 
small,  in  the  case  of  metals  it  is  large.  The  lustre  depends  on  this. 
The  lustre  does  not  play  any  great  part  in  chemistry ; only  that  of 
the  very  strongly  reflecting  metals,  on  account  of  its  conspicuous  nature, 
is  used  as  a characteristic. 

The  Physical  State.  — A second,  very  important  property  of 
substances,  is  the  way  they  fill  space.  One  distinguishes  between 
gaseous,  liquid,  and  solid  bodies,  and  denotes  the  differences  occurring 
here  by  the  term  “ physical  state.” 

The  three  physical  states  denote  the  manner  in  which  the  bodies 
fill  space.  A solid  body  has  a definite  form  and  therefore  also  a 
definite  volume. 

A liquid  body  has  no  definite  form ; it  has,  however,  a definite 
volume.  It  therefore  fills  a vessel  in  which  it  is  placed  only  to  the 
extent  of  its  volume.  Under  the  influence  of  gravity,  the  surface 
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of  liquids,  in  so  far  as  they  arc  not  bounded  by  rigid  walls,  approaches 
the  form  of  a horizontal  plane. 

Gases  have  neither  a definite  form  nor  a definite  volume ; they  fill 
completely  every  vessel  into  which  they  are  brought. 

All  these  relations  are  further  subject  to  special  laws,  which  will  be 
discussed  in  their  appropriate  place. 

• By  means  of  the  characteristics  we  have  just  given,  we  shall  have, 
as  a rule,  no  difficulty  in  determining  whether  a body  is  solid,  liquid, 
or  gaseous.  If  a body,  when  placed  on  a plane,  retains  its  shape,  it  is 
solid ; if  it  spreads  out  while,  at  the  same  time,  a bounding  plane,  a 
surface , is  formed  on  the  top,  it  is  a liquid ; if  it  exhibits  in  no  direc- 
tion a bounding  plane  of  its  own,  it  is  a gas.  Between  these  three 
physical  states  there  are,  it  is  true,  intermediate  states  which  some- 
times render  the  decision  difficult,  still  these  are  not  very  frequent,  and 
for  the  present  we  need  not  discuss  them  in  greater  detail. 

A given  body  does  not  under  all  circumstances  remain  in  the 
physical  state  in  which  it  is  at  a given  time;  the  physical  state 
depends  especially  on  the  temperature.  In  this  case,  the  general  law 
holds  that  with  rising  temperature,  a solid  substance  can  become  liquid 
or  gaseous,  and  a liquid  one  gaseous,  but  never  the  converse.  On  the 
other  hand,  with  lowering  of  temperature,  gases  become  liquids  or 
solids,  and  liquids  become  solids. 

Although  the  sense  in  which  the  change  takes  place  cannot  be 
departed  from,  the  liquid  state  need  not,  however,  appear  as  an  inter- 
mediate state  between  the  gaseous  and  the  solid.  On  the  contrary, 
cases  not  unfrequently  occur  where  with  rise  of  temperature,  solids 
pass  directly  into  gases,  and  by  cooling,  gases  pass  directly  into 
solids. 

The  laws  which  these  transformations  obey,  will  be  discussed 
later  (Ghap.  VII.). 

Summary. — The  conception  of  substance  has  been  developed.  By 
this  name  are  designated  the  classes  into  which  the  inanimate  bodies 
can  be  arranged  according  to  their  properties.  Experience  teaches 
that  it  is  possible  to  arrange  the  naturally  occurring  or  the  artificially ' 
prepared  bodies  in  classes  so  that  the  individual  members  of  a class 
have  the  same  properties.  By  properties  in  this  sense  are  understood 
only  those  which  are  essential,  and  which  cannot  be  given  to  or  taken 
from  the  body  at  will.  Experience  teaches  further  that  different 
bodies  which  belong  to  the  same  class  or  which  consist  of  the  same 
substance,  agree  not  only  approximately  but  exactly  in  their  properties, 
so  that  the  value  of  any  property  determined  on  one  specimen  may 
confidently  be  expected  to  be  found  in  all  specimens  of  the  same 
substance. 

The  law  of  nature  that  classes  can  be  formed  of  bodies  which  agree 
entirely  with  one  another  in  their  essential  properties,  is  the  fundamental  law 
of  chemistry. 


i 


GENERAL  PRINCIPLES 


15 


If  a body  is  to  be  subject  to  this  law  it  must  be  homogeneous , i.e.  it 
cannot  be  a mechanical  mixture  of  different  substances  placed  side  by 
side.  In  such  a case  the  law,  indeed,  holds  not  for  the  mixture  but 
for  the  separate  substances  of  which  the  mixture  is  composed. 

Further,  there  are  bodies  which  apparently  do  not  obey  this  law, 
although  they  cannot  be  identified  as  mechanical  mixtures.  Such 
bodies  can  by  simple  means  be  separated  into  substances  which  obey 
the  law.  These  are  called  solutions.  Solutions  are  distinguished  from 
pure  substances  by  the  fact  that  they  can  be  compounded  of  two  or  of 
several  components  in  every  proportion  (within  certain  limits),  and 
that  their  properties  vary  continuously  with  the  composition. 

In  conformity  with  the  fundamental  law,  different  specimens  of 
the  same  substance  agree  entirely  in  their  essential  properties  and 
differ  in  their  properties  from  other  substances.  To  determine 
whether  two  bodies  are  composed  of  the  same  substance,  it  is  therefore, 
as  a rule,  sufficient  to  show  that  they  agree  with  one  another  in 
respect  of  some  few  properties. 


CHAPTER  II 
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Change  of  Weight  in  Chemical  Processes. — If  we  choose  out 
for  closer  investigation  some  of  the  innumerable  chemical  phenomena 
which  occur  daily  around  us,  we  are  struck  with  the  changes  in  the 
amount  of  the  substances  taking  part  in  the  chemical  process.  AVhen 
the  stearin  of  a candle  or  the  petroleum  in  a lamp  burns,  these  sub- 
stances seem  to  disappear  entirely ; the  wood  or  coal  burning  in  the 
fire  leaves  behind  only  -i-th  to  -^th  of  its  weight  of  ash.  On  the 
other  hand,  the  sulphuric  acid  manufacturer  obtains  about  three 
kilograms  of  sulphuric  acid  for  every  kilogram  of  sulphur  converted. 
Changes  of  weight  are  therefore  connected  with  chemical  processes, 
and  we  have  now  to  ask  whether  any  generalisations  can  be  made 
regarding  these. 

The  examples  we  have  just  cited  appear  only  to  lead  to  the 
conclusion  that  in  chemical  processes  diminution  as  well  as  increase 
in  weight  may  occur.  These  are,  however,  not  suitable  examples 
for  deciding  the  question,  for  the  processes  take  place  with  the 

substances  in  free  communication  with  their 
surroundings,  especially  with  the  air,  and  do 
not  therefore  allow  of  a balance  being  drawn 
up.  To  achieve  this  we  must  conduct  the 
experiments  in  a closed  space. 

Experiments. — At  the  bottom  of  a large, 
thin-glass  flask  (Fig.  2),  and  resting  on  a layer 
of  asbestos,  is  a small  dish  containing  a little 
phosphorus.  Phosphorus  is  a substance  which 
requires  only  a slight  elevation  of  temperature 
to  cause  it  to  take  fire.  - The  flask,  closed 
by  a ground-in  stopper,  is  accurately  counter- 
poised on  the  balance.  The  part  where  the 
phosphorous  rests  is  then  warmed,  and  the  latter 
at  once  takes  fire.  In  a short  time  the  phosphorus  becomes  extin- 
guished, while  the  flask  has  become  filled  with  dense,  white  fumes. 
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On  again  placing  the  flask,  after  it  has  become  cold,  on  the  balance, 
no  change  of  weight  its  observed. 

* The  flask  must  be  allowed  to  cool  before  being  reweighed.  So 
long  as  it  is  warm  it  warms  the  air  surrounding  it,  and  this,  ascending, 
raises  the  flask  slightly  upwards,  and  makes  it  therefore  appear  too 
light. 


* Secondary  circumstances  of  a similar  nature,  which  more  or  less 
affect  the  result,  are  always  met  with  in  carrying  out  quantitative 
experiments.  If  an  exact  result  is  desired,  they  must  be  known  and 
their  influence  either  obviated  or,  if  this  is  not  possible,  taken  into 
account.  The  real  difficulty  of  exact  measurement  lies  in  these 
secondary  influences,  and  only  by  a varied  experience,  obtained  by 
performing  the  experiments  under  as  many  different  conditions  as 
possible,  can  one  succeed  in  so  controlling  these  influences  as  to  obtain 
exact  measurements.  Compared  with  this,  the  carrying  out  of  the 
actual  measurement  is  generally  an  easy  matter. 

The  fact  just  described,  that  when  combustion  takes  place  in  a 
closed  space  no  change  in  the  total  weight  is  observed,  although 
certain  substances  disappear  and  others  are  r 

produced,  is  a general  one.  No  matter  what 
substances  are  burned  under  these  conditions,  a 
change  of  weight  never  occurs.  This  law  also, 
is  not  restricted  to  combustions  alone,  but  is 
true  for  all  chemical  processes.  To  illustrate  this 
we  may  perform  the  following  experiments. 

A wide  test-tube  is  placed  in  a conical  flask 
with  wide  mouth  (an  Erlenmeyer  flask)  (Fig. 

3).  Two  substances  which,  on  contact,  react 
chemically  with  one  another,  are  placed,  one  in  the  conical  flask,  the 
other  in  the  test-tube,  so  that  they  are  kept  separate.  The  flask 
having  been  carefully  closed  and  its  weight  deter- 
mined, the  substances  are  brought  into  contact  by 
tilting  the  whole  apparatus.  Chemical  reaction  then 
takes  place,  generally  accompanied  by  rise  of 
temperature.  On  placing  the  apparatus,  after 
cooling,  again  on  the  balance,  its  weight  is  seen  to  be 
unchanged.1 

* Another  method  of  performing  this  experiment 
This  method  is  more  convenient,  but  the  two- 
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Fig.  a. 


is  shown  in  Fig.  4 


The  following  substances  which  give  rise  to  chemical  reactions  recognisable  by 
conspicuous  changes,  may  be  used,  mostly  in  concentrated  solution : potassium  carbonate 
and  calcium  chloride  (white  precipitate),  silver  nitrate  and  caustic  potash  (brown-black 
precipitate),  antimony  trichloride  and  sodium  sulphide  (orange-red  precipitate),  zinc 
oxide  and  hydrochloric  acid  (clear  solution),  silver  nitrate  and  ferrous  sulphate  (separa- 
lon  of  metallic  silver),  hydriodic  acid  and  iodic  acid  (separation  of  iodine),  chloral 
Hydrate  and  caustic  potash  (formation  of  two  liquids). 
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limbed  glass  vessel  must  be  specially  made,  whereas  the  vessels  used 
in  the  first  form  of  the  experiment  can  ’be  obtained  ready  made. 

* The  experiment  can  be  made  still  more  clear,  by  making  two 
pieces  of  apparatus  whose  size,  contents,  and  weight  are  about  the 
same,  and  mutually  counterpoising  these  on  a balance  with  the  help  of 
the  necessary  additional  small  weights. 

* This  arrangement  of  the  experiment  has  the  especial  advantage 
that  the  buoyancy  of  the  air,  which  acts  on  all  objects  causing  them  to 
appear  as  much  lighter  as  the  weight  of  the  displaced  air,  is  made 
equal  on  both  sides.  In  this  way,  any  changes  in  the  density  of  the 
air  do  not  affect  the  equilibrium,  since  the  change  in  the  upward  force 
of  the  air  amounts  to  the  same  on  both  sides.  In  carrying  out  exact 
measurements  of  this  or  a similar  kind,  use  is  always  made  of  this 

artifice.  , 

To  prevent  any  possible  escape  of  the  substances  formed,  thi  ougn 

the  seams  of  the  cork,  the  neck  of  the  vessel  is  heated  till  the  glass 
becomes  soft,  and  the  two  portions  are  drawn  apart ; the  connecting 
piece  becomes  contracted  to  a narrow  tube  which  is  then  fused 
together.  The  contents  are  then  enclosed  entirely  by  glass  and  there 
is  no  longer  any  danger  of  an  escape  of  substance.  This  method  was 
formerly  known  as  hermetically  sealing,  being  so  called  after  Hermes 
Trismegistos,  a mythical  chemist  of  ancient  times.  It  is  now  generally 

known  as  sealing  up  in  glass.  , , . , 

Conservation  of  Weight.— All  the  relations  which  have  just 
been  described  can  be  summarised  in  a Law  of  Conservation  of  IV eight, 
which  states  that  the  total  weight  of  the  substances  taking  part  m any 
chemical  process  remains  unchanged,  that  the  weight,  therefore,  is-. 

COUSSTVcd  . 1 • I 

Nor  is  any  physical  process  known  by  which  such  a change  is 

produced.  The  law,  therefore,  holds  universally. 

The  weight  of  a given  substance  is  the  force  with  which  it  tends 
to  approach'  the  earth.  This  force  changes  with  the  latitude  and  with 
the  height  of  the  place  above  the  level  of  the  sea,  but  obeys  the  law 
that  it  changes  in  the  same  ratio  for  all  bodies.  If,  therefore,  two! 
bodies  have  the  same  weight  at  one  place,  they  have  also  the  same, 
weight  at  all  other  places.  The  ratios  of  any  weights  are,  theiefoie, 

constant  and  independent  of  locality. 

The  mass  of  a body  is  proportional  to  its  weigh it. 
have  equal  weights  have  also  equal  masses,  and  if  the n Rights  are, 
different  they  stand  in  the  same  ratio  to  one  another  as  the  masses 
since  tke  rltio  of  weights  is  independent  of  place,  the  masses  of 
different  bodies  are,  under  all  circumstances,  in  the  same  latio  as 

Welffwe  unite  this  law  with  that  of  the  conservation  of  weight  in  all 
processes,  it  follows  that  the  total  mass  of  any  system  is  not  changed  by  i y 
process  which  may  take  place  within  that  system. 
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These  two  laws  are  often  designated  as  the  law  of  the  conservation 
of  matter ; there  being  understood,  somewhat  indefinitely,  by  matter, 
a something  to  which  all  the  properties  of  the  bodies  are  attached. 
On  account  of* the  indefinitencss  of  the  conception  of  matter,  there 
enters  also  into  the  corresponding  law  an  indefiniteness  which  is  not 
inherent  in  its  nature,  and  which  makes  its  content  less  clear  than  it 
really  is.  We  shall  therefore  retain  the  more  exact  form  of  the  law, 
which  refers  to  weight  and  mass. 

Some  Mechanical  Conceptions.  Work. — Although  the  con- 
ceptions of  mass  and  weight  belong  to  physics,  and  a knowledge  of 
them  may  therefore  be  presupposed,  still,  in  the  interest  of  later 
chemical  considerations,  we  shall  here  briefly  develop  the  most 
important  points  in  this  connection. 

To  bring  about  spatial  changes  on  bodies,  an  exertion  is  necessary 
which  we  call  by  the  name  work.  This  exertion,  or  the  work,  depends 
on  the  nature  of  the  body  and  the  change  of  situation  which  occurs. 
A very  simple  case  is  afforded  by  the  movements  in  the  neighbourhood 
of  the  earth’s  surface. 

If,  for  the  estimation  of  work,  I make  use  of  the  exertion  of  my 
muscles,  I obtain  the  following  result.  To  raise  a body,  work  is 
necessary,  and  this  is  greater,  the  greater  the  height  to  which  the 
body  has  to  be  raised.  The  raising  through  consecutive  equal  dis- 
tances, requires,  however,  always  the  same  work.  For  the  rest,  the 
work  is  dependent  on  the  nature  of  the  body,  and  increases  with  its 
weight. 

In  accordance  with  these  relations,  we  define  work  as  a magnitude 
which  is  proportional  to  the  height  h to  which  a body  is  raised,  and  to 
the  weight  w of  the  body.  A magnitude  which  is  proportional  to  two 
other  magnitudes,  is  proportional  to  the  product  of  these.  If  A denotes 
the  work,  we  should,  therefore,  write,  A_  = wli,  putting  the  factor  of 
proportionality  equal  to  1. 

* If  is  sometimes  asked  if  work  is  “actually”  measured  by  this 
product.  Such  a question  would  be  justifiable  if  we  had  already 
defined  work  in  any  other  way.  This  is,  however,  not  the  case  ; we 
consider  the  conception  of  work  as  having  been  first  established.  We 
are,  therefore,  at  liberty  to  define  work  by  any  other  similar  function. 
No  one  of  these  can  be  designated  as  wrong  or  right,  but  they  will 
have  different  degrees  of  suitability,  which  will  manifest  itself  in  the 
greater  or  less  simplicity  of  the  corresponding  laws.  The  definition  of 
work  given  above  has  shown  itself  to  be  by  far  the  most  suitable  of 
all  the  possible  definitions. 

When  we  raise  a stone,  we  perform  work  on  it,  or  we  transfer 
work  to  it.  On  the  other  hand,  the  raised  stone  can,  by  falling  down, 
perform  work  on  other  bodies.  It  thus  loses  work,  and  in  order  to 
bring  it  back  to  its  former  position,  work  must  be  again  performed  on 
it.  We  can  therefore  regard  the  work  as  being  connected,  in  varying 
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amount,  with  the  stone,  whose  gain  or  loss  in  that  quantity  we  shall 
calculate  with  plus  and  minus,  as  in  the  case  of  any  other  gain  and 
loss.  Work  which  is  gained  by  the  body  is  called  positive,  that  which 
is  lost  by  it,  negative. 

The  Law  of  Conservation  of  Work. — In  physics,  many  simple 
machines  are  described,  such  as  the  lever,  the  inclined  plane,  the 
wheel  and  axle,  the  pulley,  etc.,  which  have  all  the  property  that  they 
allow  of  the  transmission  of  work  from  one  place  to  another.  AN  hen 
such  a machine  (we  shall  consider,  for  the  sake  of  illustration,  a let  ei 
loaded  with  weights),  is  moved,  it  takes  in  work  at  one  point  and  gives 
it  out  at  another.  Now,  experience  has  taught  that  in  all  these 
machines,  no  matter  how  they  are  constructed,  the  work  which  is 
given  out  is  never  greater  than  the  work  that  is  put  in ; rathei , the 
two  are  equal. 

If  we  reckon  the  work  put  in  as  positive  and  that  taken  out  as, 
negative,  the  sum  of  the  two  is  in  all  machines  equal  to  zero. 

° This  law  can  also  be  expressed  thus:  A given  quantity  of  work 
can  be  neither  increased  nor  diminished  by  a machine,  but  remains 
unchanged.  There  exists,  therefore,  a general  law  of  the  conservation  of. 

work.  . , . _ . i,  • 

The  possibility  of  stating  such  a simple  law,  by  defining  work  in 

the  manner  given  above  (p.  19),  is  the  chief  reason  for  choosing  that 
definition.  If,  now,  we  bring  the  law  we  have  just  stated  to  the  test 
of  experience,  we  find  a large  number  of  cases  which  appear  to  be 
contradictory  to  it.  AYe  can  continually  observe  that  work  disappears 
without  other  work  making  its  appearance  in  its  place.  The  work  put 
into  a wound-up  clock  is  no  longer  there  after  the  clock  has  run  down, 
and  fresh  work  must  be  put  in  to  keep  the  clock  in  motion. 

In  this  respect,  however,  we  also  know  that  clocks  are  difteien  . 
An  ordinary  time-piece  must  be  wound  up  every  day ; a better  one 
with  equal  weights  and  equal  height  of  winding,  will  go  for  a week,  and 
clocks  can  now  be  bongbt  which  go  for  more  than  a year  "nth  one 
winding  up.  By  improvement  of  the  mechanism  of  the  clock,  the  loss 
of  work  can  therefore  be  made  less  and  less,  and  if  we  imagine 
the  improvement  continued  indefinitely,  the  loss  of  work  will  converge 

t0  ZThe  law  we  have  just  stated,  then,  is  valid  exclusively  for  ideal 
machines  i.e.  machines  in  which  no  work  is  lost.  It  represents,  t eie- 
fore  a limiting  law,  to  which  the  actual  phenomena  certainly  approxi- 
mate but  which  they  never  really  fulfil.  The  justification  for  putt  g 
fortard  a law  which  is  never  fulfilled,  is  to  be  found  in  the  fact  that 
the  amount  of  deviation  from  the  law  can  be  minimised  to  any  dear  4 
extent  • it  represents,  therefore,  nothing  essential  whereas  the  equal'  J 
of  work  expressed  by  the  law  is  the  relation  to  which  all  machines  can 

be  made  more  and  more  to  approximate.  .11  0t 

In  the  enunciation  of  this  law,  we  recognise  the  method  of 
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abstraction,  which  was  described  on  p.  3.  Disregarding  the  irregular 
deviations  which  «can  be  minimised  at  will,  we  obtain  the  conditions 
with  regard  to  which  we  can  state  simple  relations. 

The  question  as  to  what  then  becomes  of  the  work  that  is  lost 
in  the  case  of  imperfect  machines,  will  be  treated  in  detail  later  on 
(pp.  30  and  31). 

Kinetic  Energy. — Besides  the  cases  we  have  just  described  in 
which  work  is  lost  through  what  is  called  friction,  there  are  others  in 
which  work  disappears,  but  where  we  cannot  speak  of  friction,  and 
where  the  loss  cannot  be  made  as  small  as  we  please.  This  occurs,  for 
example,  when  we  allow  a heavy  body  to  fall.  It  loses  an  amount  of 
work  corresponding  to  the  height  through  which  it  falls.  It  has,  how- 
ever, passed  into  another  condition,  since  it  possesses  a certain 
velocity. 

By  virtue  of  this  condition,  it  can  again  give  out  work.  This  is 
seen  in  the  case  of  the  pendulum  where  the  ball,  after  having  been 
raised  to  a certain  height,  loses  work  as  it  falls  in  its  circular  path,  and 
gains,  at  the  same  time,  in  velocity.  Having  reached  its  lowest  position, 
it  passes  beyond  it  and  gains  work  as  it  ascends ; at  the  same  time  its 
velocity  diminishes,  and  when  this  becomes  zero,  the  pendulum  has 
reached  the  same  height  as  it  was  to  start  with.  This  process  is  then 
repeated  over  and  over  again. 

* This  description,  also,  holds  only  for  the  ideal  extreme  case  in 
which  friction  is  made  to  disappear.  By  suspending  balls  by  means 
of  exceedingly  thin  quartz  fibres  in  a space  rendered  as  vacuous  as 
possible,  pendulums  have  been  made  which,  with  one  impulse,  have 
carried  out  many  thousand  oscillations. 

As  is  evident,  one  can  interpret  these  processes  by  saying  that, 
during  the  falling  of  the  pendulum,  work  is  transformed  into  some- 
thing else  which,  during  the  second  part  of  the  oscillation,  can  again 
change  into  work.  In  the  ideal  case,  this  reciprocal  transformation 
takes  place  completely. 

Since  experience  has  shown  that  many  other  cases  occur  where  work 
is  converted  into  something  which  can  be  reconverted  into  work,  it  is 
expedient  to  introduce  a general  name  for  this.  This  thing  is  called 
energy,  and  we  include  work  also  under  this  conception.  Energy  is, 
accordingly,  work  and  all  else  that  can  be  produced  from  and  be  recon- 
verted into  work.  For  example,  there  is  a chemical  energy  which  can 
also  be  converted  into  work. 

The  body  which,  through  falling,  has  lost  work,  possesses  in 
consequence  of  the  fall,  motion.  Motion  can  be  produced  only  through 
expenditure  of  work,  or,  generally,  of  energy.  The  special  kind  "of 
energy  which  is  produced  in  this  case,  may  be  suitably  called  energy 
of  motion  [kinetic  energy]. 

Motion  is  measured  by  velocity,  which  is  equal  to  the  ratio  of  the 
distance  through  which  the  body  has  passed  to  the  time  required. 
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Wo  have  already  (pp.  4 and  5)  fixed  the  units  in  which  these  two  J 
magnitudes  are  to  be  measured  \ they  are  the  centimeti  e and  the 
second.  The  unit  of  velocity  is  therefore  also  determined ; it  is  the 
velocity  when  one  centimetre  is  passed  over  in  one  second,  or  some-  | 
thing  like  the  velocity  with  which  a beetle  runs. 

If,  therefore,  in  the  case  of  a movement,  we  measure  the  distance  q 
s which  is  passed  over  in  time  t,  the  velocity  c is  given  by  the 
equation  c = s/t. 

]yjasSi Even  a very  rough  experiment  will  teach  us  that  the 

same  expenditure  of  work  does  not  produce  the  same  velocity  in  all 
bodies.  On  the  contrary,  the  velocity  which  a thrown  stone,  for 
example,  acquires,  is,  when  the  exertion  is  the  same,  so  much  the  less 
the  larger  the  stone.  The  kinetic  energy,  therefore,  cannot  _ be  1 
measured  by  the  velocity  alone,  but  another  factor  must  be  taken  into 
account,  which  increases  with  the  size  of  the  body.  In  order  to  be 
able  to  talk  of  this  factor,  we  call  it  the  mass. 

The  relations  between  work,  mass,  and  velocity,  in  the  conversion 
of  work  into  kinetic  energy,  can  be  very  well  investigated  with  | 
Atwood’s  machine.  This  consists  of  two  equally  heavy  bodies 
suspended  by  a string  passing  over  a freely  moving  wheel.  W hen  one 
of  the  bodies  is  raised,  the  other  sinks  by  an  equal  amount ; the  sum 
of  the  work  performed  and  expended  is  in  this  case,  therefore,  equal  I 
to  zero  A definite  amount  of  work  is  now  performed  on  this  E 
system,  by  placing  on  one  side  a small  extra  weight,  and  talcing  this 
off  again  after  it  has  fallen  a definite  distance.  M e have  in  this  case 

the  following  relations.  ' . , 

If  we  call  two  masses  equal  when  equal  work  impresses  on  them 

equal  velocity,  we  may,  by  combining  such  equal  masses,  prepare  any 
multiple  of  them  we  please,  and,  therefore,  measure  the  masses, 
the  masses  are  changed  and  the  velocities  which  are  produced  in  them 
by  the  same  amounts  of  work  are  measured,  these  are  found  not  to 
proportional  to  the  masses,  but  the  squares  of  the  velocities  are  pro- 
portional to  the  masses  ; or,  the  products  of  the  masses  and  the  squares 
of  the  velocities  are,  for  equal  amounts  of  work,  equal  For  different 
amounts  of  work,  these  products  are  proportional  to  the  work. 

Calling,  therefore,  the  mass  m and  the  velocity,  as  before,  c,  the  ex- 
pression toc2  is  proportional  to  the  work  winch 

received  and  converted  into  kinetic  energy.  If  A is  the  oi  L,  thij 
relation  will  be  represented  by  the  equation  A -kmc-,  where  l is  * 

f-ipt-nr  d emending  on  the  units  chosen.  f 

Units  -We  have  not  yet  chosen  the  unit  of  work  nor  that  of 
mass  • we  have,  however,  already  the  unit  of  velocity.  e can  u 
fore  still  make  a decision  as  regards  either  the  mass or .the woi  - 

Now  a mass  is  easily  preserved  and  its  relation  to  other  mas.es 
easily  measured,  as  we  shall  presently  see  The  storing,  however, 
measurement  of  a definite  amount  of  work  is  much  more  d.fficult 
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The  decision  has  therefore  been  come  to,  to  arbitrarily  fix  a mass. 
For  this  purpose  there  is  used  a piece  of  platinum  preserved  in  Paris, 
which  on  account  of  the  properties  of  the  material  and  the  care  with 
which  it  is  preserved,  affords  the  greatest  possible  security  against 
change.  Also,  as  in  the  case  of  the  unit  of  length,  numerous  exact 
copies  of  the  same  material  have  been  made,  whereby  security  against 
the  chance  loss  of  the  unit  is  obtained. 

As  unit  of  mass  there  is  used,  not  this  piece  itself,  whose  mass  is 
called  a kilogram,  but  the  thousandth  part  of  this  mass,  called  the  gram, 
or,  abbreviated,  gm.  This  mass  is  very  nearly  equal  to  the  mass  of 
1 cc.  of  water  at  4°  C. 

In  the  equation  A = kmc~,  we  have  still  to  make  a decision  as  to 
the  factor  k.  For  reasons  which  cannot  be  discussed  here,  this  factor 
has  been  put  equal  to  4,  so  that  the  equation  reads  A = bnc2. 

The  unit  of  kinetic  energy,  in  the  first  instance,  is  hereby  fixed. 
If  1 gram  moves  with  the  velocity  of  1 centimetre  in  the  second 
(abbreviated  cm./sec.),  the  energy  amounts  to  i.  1 . 12  = J.  The  unit 
of  kinetic  energy  is  therefore  double  this  amount.  From  the 
equation  A = fmc'2  the  unit  of  work  is  also  equal  to  twice  the  work 
which  can  be  gained  from  the  kinetic  energy  of  1 gram  having  the 
velocity  of  1 cm./sec.  This  unit  is  called  an  erg. 

If  we  measure  the  work  and  also  the  kinetic  energy  in  the  units 
just  fixed,  experience  teaches  that  in  the  conversion  of  work  into 
kinetic  energy,  and  vice  versa,  as  much  of  the  one  disappears  as  is 
produced  of  the  other,  and  that  therefore  the  sum  of  the  two  is 
constant.  For  these  hvo  forms  of  energy  together,  there  is  therefore  also  a 
lavj  of  conservation. 

Weight  and  Mass. — Having  fixed  the  unit  of  work,  we  can  now 
determine  the  factors  of  which  it  consists.  In  the  case  of  a heavy 
body  moving  in  the  line  of  fall,  the  unit  has  been  defined  as  the 
product  of  the  weight  and  the  distance.  Now,  not  only  in  this  case 
has  work  to  be  performed,  but  in  many  others  also.  All  these  cases 
agree  in  the  fact  that  one  of  the  factors  of  the  work  is  a distance  over 
which  the  body  under  consideration  has  to  be  moved.  The  other 
factor  receives,  generally,  the  name  of  force.  A force,  therefore,  is 
present  in  those  cases  where  a change  in  the  position  of  the  body 
cannot  be  effected  without  expenditure  of  work. 

Since  the  unit  of  work  has  just  been  fixed,  and  the  unit  of  distance, 
being  a length,  is  given  by  the  centimetre,  we  have  no  choice  left  of 
the  unit  of  force ; rather,  this  is  the  force  which,  acting  over  unit 
distance  performs  unit  work,  or  1 erg. 

By  means  of  this  definition,  we  can  easily  calculate  the  value  of 
gravity.  This  changes,  as  already  mentioned,  with  the  locality.  In 
medium  latitudes,  it  has  the  value  such  that  1 gram  falling  through  1 
centimetre  acquires  the  velocity  of  4 4 “2 6 cm./sec.  If  we  call  j the 
force  of  gravity  acting  on  1 gm.,  or  its  weight,  the  work  performed 
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in  the  movement  through  1 cm.  is  equal  to  j x 1,  and  this  must  be 
equal  to  the  kinetic  energy  produced,  viz.,  j=\x  1 x44’32  = 980. 
The  force  of  gravity  has  the  value  980;  it  is  therefore  nearly  1000 
times  as  great  as  the  unit  of  force. 

Between  the  force  of  gravity  and  the  mass  of  a body  there  exists 
a very  remarkable  relation,  which,  experimentally,  finds  expression  in 
the  well-known  fact  that  all  bodies,  large  or  small,  fall  equally  fast. 
This,  it  is  true,  is  also  only  a limiting  law,  since  it  holds  good  only 
when  the  resistance  of  the  air  is  excluded.  Still,  this  condition  can 
be  fulfilled,  experimentally,  with  great  approximation. 

Now,  we  have  seen  that  the  square  of  the  velocity  which  a definite 
amount  of  work  produces  in  a body  is  inversely  proportional  to  the 
mass  moved  (p.  22).  If  then,  as  in  the  case  of  the  free  fall,  two 
different  bodies,  falling  through  equal  distances,  acquire  the  same 
velocity,  they  can  do  so  only  if  the  amounts  of  work  are  propor- 
tional to  the  masses.  And  as  the  distances  in  both  cases  are  equal,  it 
follows  that  the  forces  must  be  to  one  another  as  the  masses.  The 
forces  are,  in  the  present  case,  called  the  weights.  In  the  case  of  lieavij 
bodies,  therefore,  the  weights  are  proportional  to  the  masses. 

Expressed  in  formulae,  we  have  the  following.  Let  the  two 
masses  be  m1  and  m2 ; by  falling  through  equal  distances,  .s,  they 
acquire,  as  experiment  shows,  the  same  velocity,  c.  The  amounts  of 
work  converted  in  both  cases  into  kinetic  energy,  are  w xs  and  w.,s, 
where  w1  and  w9  are  the  weights  of  the  bodies.  The  corresponding 
kinetic  energies,  hnfi2  and  Iin.fi2  are  also  equal  to  these.  From  the 
two  equations  wls  = ^m1c2  and  w.,s  = fnif1  there  follows,  by  division, 
io1/m1  = w2/m2,  or  wfw2  = mfm.2,  which  is  the  proposition  we  have  just 
stated. 

We  cannot  look  on  this  result  as  “self-evident.”  So  little  is  this 
the  case  that  it  is  not  even  intelligible,  i.e.  one  cannot  see  until  now 
what  connection  this  remarkable  proportionality  has  with  anything  else. 
We  are  dealing  here  with  a constant  ratio  between  two  quantities 
of  a totally  different  kind.  The  masses  have  nothing  directly  to  do 
with  the  weights,  for  they  are  only  the  measure  of  the  kinetic  energy 
which  a body  possesses  when  it  has  a definite  velocity  (p.  22).  The 
weights,  on  the  other  hand,  are  the  forces  by  virtue  of  which  bodies 
tend  towards  the  earth,  and  which  find  their  expression  in  universal 
gravitation. 

The  Balance.-: — By  reason  of  the  universal  proportionality  between 
mass  and  weight,  we  can  measure  the  one  by  means  of  the  other.  If 
we  choose  the  unit  of  weight  in  such  a way  that  it  is  equal  to  the 
weight  which  the  unit  of  mass  has,  a determination  of  the  weight  gives 
directly  the  numerical  value  of  the  mass.  This  is  the  case  when  w e 
take,  as  is  universally  done,  the  weight  of  1 gram  as  the  unit  of 

weight.  _ 

Besides  the  gram  there  are  also  used  its  multiples  and  its  sub- 
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divisions.  Of  these,  the  ones  most  employed  are  the  kilogram,  which  is 
equal  to  1000  or  103  gm.,  and  the  milligram  or  10~3  gm.  The  other 
magnitudes  (decagram  =10  gm.,  hectogram  = 100  gm.,  decigram  = 
0T  gm.,  centigram  = 0 ’01  gm.)  are  but  seldom  used,  and  for  scien- 
tific purposes  should  never  be  used  at  all. 

For  the  chemist,  now,  neither  the  question,  how  much  kinetic 
energy  a body  acquires  under  a given  velocity  (the  mass),  nor  the 
question,  what  force  it  exercises  on  its  support  (the  weight),  is  of 
supreme  interest.  An  explanation  is  therefore  necessary  as  to  why 
the  balance  is,  rightly,  called  the  most  important  instrument  in  scien- 
tific chemistry. 

When  we  buy  substances  for  chemical  purposes,  for  example,  coal 
or  food,  which  is  of  course  done  by  weight,  the  mass  and  the  weight 


of  these  things  have  likewise  no  direct  interest  for  us.  The  determin- 
ing factor  is  that  the  chemical  values,  the  nutritive  value  or  the  heat 
that  can  be  obtained  by  combustion,  are  also  proportional  to  the  mass  and 
the  weight.  In  mass  and  weight,  therefore,  we  have  a measure  of  the 
amount  of  chemical  effect  which  the  bodies  can  produce,  and  we 
determine  the  weight  when  we  wish  to  measure  the  amount  of 
• chemical  effect.  How  this  is  done  in  detail  will  be  discussed  later 
(Chap.  VIII.). 

t _ The  chemists  balance  (Fig.  5)  is  a lever  with  two  equal  arms. 

' Weighing  consists  in  allowing  the  body  whose  weight  is  to  be  deter- 
mined, to  act  on  one  end  of  the  lever,  while  different  weights  of  known 
value  are  made  to  act  on  the  other  end,  until  equilibrium  is  established, 
k ie.  until  the  lever  turns  neither  in  one  direction  nor  in  the  other. 

*_  The  balances  used  in  ordinary  life  differ,  essentially,  only  in 
v sensitiveness  from  those  used  for  scientific  purposes.  While  an  ordi- 
i nary  kilogram  balance  will  still  show  differences  of  1 gm.,  but  not  of 
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OT  gm.,  the  best  scientific  balances,  when  loaded  with  1 kilogram, 
will  show  a difference  of  one  hundredth  of  a milligram,  or  0 '00001  gm.  j 
The  former  has  therefore  a limit  of  error  of  O'OOl,  the  latter  of 
0-00000001.  The  latter  therefore  allows  of  the  determination  of 
weight  and  mass  ratios  with  proportionately  greater  exactness. 

* This  increase  in  the  sensitiveness  of  the  balance  is  effected  by  j 
minimising,  as  far  as  possible,  the  hindrances  to  movement  due  to  | 
friction.  The  axis  of  rotation  of  the  beam  of  the.  balance  is  formed 
by  a knife-edge  made  of  hard  steel  or  agate,  resting  on  a plane  of  hard 
stone.  In  the  same  way,  the  axes  from  which  the  pans  for  the  weights 
and  for  the  body  to  be  weighed  are  suspended,  are  formed  by  knife-  * 
edges  resting  on  planes.  The  three  knife-edges  must  be  parallel  to 
one  another  and  in  the  same  plane. 

* To  prevent  the  knife-edges  from  wearing  away  too  rapidly,  they  = 
must  be  allowed  to  rest  on  the  planes  only  during  the  time  the  balance 
is  being  used.  Every  good  balance  is  therefore  furnished  with  an 
arrangement  for  “ arresting  ” it.  This  is  so  made  that  by  turning  a 
knob  or  a handle,  the  scale  pans  are  first  raised  from  the  end  knife- 
edges  and  then  the  beam  from  the  plane  on  which  it  rests.  The 
weights,  etc.  are  placed  on  the  scale  pans  while  the  balance  is 

“ arrested.”  On  slowly  “ releasing  the  balance,  it  can  be  seen  in 
what  direction  the  balance  turns,  and  whether  the  weights  have  to  be 
increased  or  diminished. 

* Since  a moderately  good  balance  detects  amounts  even  as  small 
as  CP0001  gm.,  one  would  require  weights  of  a corresponding  value,  in 
order  to  finish  the  weighings.  These  are  very  inconvenient  to  handle, 
and  chemical  balances  are  therefore  furnished  with  anothei  anange- 
ment  for  determining  the  smallest  weights.  The  balance  beam,  fiom 
the  middle  to  the  end  knife-edges,  is  divided  into  ten  parts,  and  there 
is  a contrivance  by  means  of  which  a weight  of  0‘01  gm.,  which  from 
its  form  is  called  a “rider,”  can  be  placed  at  any  point  on  the  beam. 
According  to  the  law  of  levers,  the  effect  of  the  weight  is  smaller,  the 
nearer  it  is  placed  to  the  axis  of  rotation.  If,  for  example,  the  rider 
is  placed  at  a distance  from  the  axis  equal  to  ^j-ths  of  the  length  of  the 
beam,  it  acts  as  a weight  of  0'003  gm.,  and  every  tenth  of  the  beam 
corresponds  to  one  milligram. 

* In  weighing,  therefore,  it  is  necessary  to  counterbalance  a body 
only  to  within  0'01  gm.  with  weights,  and  then  to  move  the  rider  till 
complete  equilibrium  is  obtained.  The  tenths  and  hundredths  of  the 
beam  length  give  the  milligrams  and  tenths  of  a milligram  which  have 

to  be  added  to  the  weights.  , , . 

* The  production  of  equilibrium  is  shown  by  a pointer  attached  to 

the  beam  of  the  balance  and  moving  in  front  of  a scale.  Since  a good 
balance  does  not  remain  at  rest  but  continues  for  a long  time  oscillat- 
ing like  a pendulum,  one  observes  the  extreme  positions  of  the  pointer, 
oAhe  deflections,  and  takes  the  mean  of  these. 
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# To  complete  the  weighing  it  is  not  expedient  to  obtain  the  final 
adjustment  by  shifting  the  rider,  as  we  have  just  assumed  for  the  sake 
of  clearness.  Rather,  use  is  made  of  the  fact  that  the  change  of  the 
position  of  rest  is  proportional  to  the  excess  of  weight.  If  the  change 
of  zero  caused  by  a change  in  the  weight  of  1 milligram  has  been 
determined,  it  is  only  necessai’y  to  set  the  rider  at  the  nearest  whole 
tenth  to  be  able  to  calculate,  from  the  deviation  of  the  point  of  rest 
now  obtained  from  that  when  the  balance  is  unloaded  or  the  zero,  the 
fractions  of  a milligram  which  would  make  the  equilibrium  perfect. 

Density  and  Extensity. — The  aids  to  the  definition  and 
measurement  of  masses  and  weights  just  considered,  form  the  basis  for 
the  determination  of  an  important  property  possessed  by  all  substances, 
which,  by  reason  of  the  great  variation  of  its  value  from  substance  to 
substance,  is  largely  used  for  distinguishing  and  characterising  these. 
This  is  the  density  and  the  extensity  ( Rdumlichkeit ). 

When  defining  the  conception  of  “substances,”  we  expressly 
omitted  to  take  the  mass  into  account  (p.  5),  as  also  the  space  occu- 
pied by  a given  piece  of  the  substance.  Since,  however,  these  two 
magnitudes  vary  simultaneously  and  in  the  same  degree,  their  ratio  is 
a definite  property  of  the  substances,  and,  according  to  the  general 
law,  must  always  have  the  same  value  for  a given  substance  under 
given  conditions. 

If  we  denote  the  mass  of  a given  specimen  of  a substance  bjr  to, 
and  the  space  which  it  occupies,  or  the  volume,  by  v,  we  can  form  the 
two  expressions  m/v  and  v/m.  The  former,  the  mass  in  unit  volume, 
is  called  the  density  or  the  specific  gravity,  the  latter,  the  volume  of 
unit  mass,  is  called  the  specific  volume  ; we  will  call  it  the  extensity. 

The  units  in  which  these  magnitudes  are  measured  have  already 
been  fixed  : the  unit  of  mass  is  the  gram,  and  that  of  volume  is  the 
cubic  centimetre.  Since  the  mass  is  expressed  by  the  same  number 
as  the  weight,  the  density  is  equal  to  the  weight  of  the  body  in  grams 
divided  by  its  volume  in  cubic  centimetres ; hence  the  name  specific 
gravity.  The  extensity  has  the  reciprocal  value.  If  we  call  the 
density  d and  the  extensity  e,  we  have  the  relation  d=l/e  and 
e=l/d. 

Of  these  two  expressions,  the  density  has,  as  a rule,  the  preference, 
since,  on  viewing  a body  we  first  estimate  its  volume  with  the  eye, 
and  obtain  an  idea  of  its  weight  only  when  we  have  taken  it  in  the 
hand.  One  refers,  therefore,  involuntarily,  the  weight  to  the  volume 
and  not  the  volume  to  the  weight.  For  scientific  purposes  it  is  better 
to  employ  the  opposite  relation.  For  the  mass  is  an  unchanging 
magnitude  in  a body,  whereas  volume  depends  on  pressure  and 
temperature,  and  it  is  more  rational  to  refer  the  variable  quantity  to 
the  invariable  than  conversely. 

In  accordance  with  the  common  custom,  however,  the  densities 
shall  in  this  book  also  receive  the  foremost  place. 
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an  error  which  is  less  than  O'OOl. 

Another  method  is  based  on  the  principle  of  Archimedes,  according 
to  which  a body  sunk  in  a liquid  experiences  an  upward  pressure  equal 
to  the  weight  of  the  liquid  displaced.  A glass  sinker,  closed  on  all 
sides  and  hung  by  a hair  or  fine  -platinum  wire,  is  counterpoised  on  the 
balance ; it  is  then  sunk  in  the  liquid  to  be  investigated  and  the 
decrease  in  weight,  or  the  upward  pressure,  determined.  The  volume 
of  the  sinker  is  determined  by  conducting  the  same  experiment  m 
water  ; the  upward  pressure  in  grams  is  equal  to  the  volume  in  cubic 
centimetres  (p.  23).  If  this  experiment  is  not  performed  at  4 C.,  one 
finds  from  the  tables  of  the  expansion  of  water  the  weight  of  1 cc.  at 
the  temperature  of  the  experiment,  and  divides  the  upward  pressure 

found  by  this. 

In  this  case  also,  it  is  most  convenient  to  make  a sinker  whose 
volume  is  exactly  equal  to  1 (or  to  10)  cc.  The  loss  of  weight  gives 
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then,  directly  (in  the  case  of  10  cc.  after  moving  the  decimal  point  one 
place  to  the  left),  the  density  of  the  liquid. 

Finally,  for  rapid  determinations  of  the  density,  the  hydrometer  is 
used.  This  consists  (Fig.  7)  of  a glass  float  terminating  at  the  top  in 
a narrow  tube  within  which  there  is  a scale.  The  instrument  is  so 
made  that  it  floats  perpendicularly  in  the  liquid  to  n 

be  investigated.  Since  a floating  body  sinks  to  such 
a depth  that  the  weight  of  the  liquid  displaced  is 
equal  to  the  weight  of  the  body,  the  position  of  rest 
varies  with  the  density  of  the  liquid,  and  the  scale  is 
read  at  the  point  where  the  stem  passes  through  the 
surface  of  the  liquid.  The  scale  is  generally  graduated 
so  as  to  allow  of  reading  off  the  densities  directly. 

However,  other  scales  are  in  use,  which  have  diffex-ent 
names  according  to  their  inventors,  and  whose  zero 
corresponds  to  the  density  of  water.  For  scientific 
purposes  these  have  no  importance. 

Densities  of  Solid  Bodies  are  determined  by 
two  chief  methods.  Generally,  they  are  weighed  first 
in  air  and  then  in  water  or  other  liquid.  The  first  — 
weighing  gives  the  mass,  the  second  the  loss  of 
weight  or  the  upward  pressure,  and  from  that  the  volume.  When  the 
second  weighing  is  carried  out  in  water,  the  upward  pressure  is  equal 
to  the  volume  (the  influence  of  temperature  being  allowed  for ; vide 
infra).  Jf  another  liquid  must  be  used,  as  in  the  case  of  substances 
soluble  in  water,  its  density  must  first  be  determined  by  one  of  the 
methods  just  described,  and  the  upward  pressure  must  be  divided  by 
the  value  of  this.  For  the  volume  of  the  liquid  is  equal  to  its  weight 
divided  by  its  density  (p.  27). 

* In  carrying  out  such  experiments,  regard  must  often  be  had  to 
the  fact  that  the  bodies  are  not  present  in  large  pieces,  but  in  grains 
or  small  pieces.  In  this  case,  they  are  weighed  under 
water  in  an  open  vessel  of  glass  or  platinum,  as  in 
A Fjg.  8.  The  weight  of  the  vessel  under  similar  conditions, 

/ \ viz.,  immersed  in  the  liquid,  must,  of  course,  be  previously 
^7~~A>|  determined. 

Another  method,  employed  especially  with  small 
quantities,  consists  in  mixing  together  two  liquids,  one  of 
which  is  denser,  the  other  less  dense  than  the  solid  to  be 
investigated,  so  as  to  give  a liquid  whose  density  is  equal 
to  that  of  the  solid  body.  This  identity  is  shown  by  the 
fact  that  the  body  neither  rises  nor  sinks,  but  remains  suspended 
in  the  liquid.  The  experiment  is  carried  out  by  placing  the 
body  first  of  all  in  a small  quantity  of  the  lighter  liquid,  in  which 
it  sinks  to  the  bottom.  There  is  then  cautiously  added  so  much  of 
the  other  liquid  till  the  suspension  is  produced.  Generally  one  will 


Fig.  8. 
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add  rather  too  much  of  the  second  liquid ; the  error  can,  however,  be  , 
easily  rectified  by  the  addition  of  some  of  the  lighter  liquid. 

When  suspension  takes  place,  the  density  of  the  mixture  is  deter- 
mined by  one  of  the  methods  described  on  pp.  28  and  29. 

* As  a heavy  liquid  there  is  used  methylene  iodide  or  acetylene 
tetrabromide ; as  a light  one,  benzene  or  toluene.  These  liquids  can 
be  obtained  commercially. 

The  necessary  information  for  the  determination  of  the  density  of 
gases  will  be  given  later  (Chap.  V.). 

Influence  of  Pressure  and  Temperature  on  the  Density.— 
It  has  already  been  mentioned  that  although  the  mass  experiences 
no  change  in  any  process,  the  volume  is  dependent  both  on  the 
temperature  and  on  the  pressure.  The  density  of  a substance  will 
therefore  likewise  vary  with  these  circumstances;  and  in  order  to 
make  a statement  definite,  the  values  of  both  of  these  must  be  gu  en 
at  the  same  time. 

The  influence  of  pressure,  now,  is  generally  very  small.  I he  volume 
of  liquid  substances  is  diminished  only  by  some  hundred  thousandths 
of  its  value  when  the  pressure  is  increased  by  1 atmosphere,  and  in 
the  case  of  solid  bodies  this  influence  is  in  most  cases  still  smaller.  It 
is  therefore  necessary  to  have  regard  to  this  variability  only  in  the 


case  of  very  exact  investigations. 

The  influence  of  temperature  is,  however,  much  greater.  _ lhe 
volume  of  a given  body  is  (with  few  exceptions)  increased  by  a rise  of 
temperature.  The  amount  of  increase  is  very  different  m the  case  of 
different  substances,  and  is  in  general  greater  for  liquids  than  for 
solids  As  a rough  estimate  one  can  assume  that  liquids  expand  by 
about’ one  thousandth  of  their  volume  for  every  degree  of  rise.  This 
is  however,  only  a very  rough  approximation,  since  the  amount 
varies  not  only  from  liquid  to  liquid,  but  also  with  the  temperature 
itself.  The  higher  the  temperature,  the  greater  is  the  relative  increase 

of  volume  with  the  temperature.  . 

In  the  case  of  accurate  statements  of  the  density  of  liquids,  there- 
fore a statement  of  the  temperature  is  necessary.  Approximate 
statements,  such  as  will  often  be  made  in  this  book,  refer  to  room 


: ni  The'  o'ther  Vorms’  of  Energy.— In  the  discussion  of  perfect  and! 
imperfect  machines  (p.  21),  there  still  remains  the  question,  what  become* 
of  the  work  which  in  imperfect  machines  disappears.  In  order  o n 
an  answer  to  this,  let  us  make  a machine  which  is  as  imperfect  as 
possible,  so  as  to  make  the  effect  produced  by  this  quality  as  clear  as 
possible.  In  other  words,  we  increase  the  friction  to  such  a degiee 
that  the  machine  consumes  almost  all  the  work  that  is  put  into  it  an 
aives  out  only  a small  amount  of  it  in  external  work.  . 
g The  result  of  such  an  increase  of  the  fr.ct.on  » seen  in  the  »*o£ 
badly  kept  axle  bearings  in  driving  engines,  vehicles,  etc.  Those  pa.t 
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where  the  friction  is  great  become  warm.  A more  exact  investigation 
shows  that  the  amount  of  heat  thus  produced  is  proportional  to  the 
work  lost.  Since,  on  the  other  hand,  work  can  be  again  obtained  from 
heat,  as  in  the  case  of  steam  engines,  it  follows  that  heat  is  something 
which  can  be  obtained  from  and  be  reconverted  into  work.  In  accord- 
ance with  what  was  laid  down  on  p.  21,  heat  must  be  called  a kind  of 
energy. 

If  the  heat  be  measured  in  units  which  are  equal  to  the  amount 
obtained  from  an  erg  of  work  (p.  23),  it  is  found  that  the  heat  pro- 
duced in  an  imperfect  machine  is  always  equal  to  the  loss  of  work. 
If,  then,  the  heat  be  also  reckoned,  the  total  amount  of  energy 
converted  is  equal  to  the  work  put  into  the  machine,  and  the  law 
of  conservation  again  holds  good. 

These  considerations  can  be  extended.  There  are  other  forms 
of  energy  which  are  produced  from  and  which  can  again  be  converted 
into  work.  A familiar  example  is  electrical  energy  which,  by  means 
of  dynamos,  can  be  produced  from  work  and  be  again  converted  into 
work  or  into  heat,  etc.  Each  of  these  forms  of  energy  can  be  measured 
by  taking  as  unit  the  amount  produced  by  1 erg  of  work. 

Another  example  is  chemical  energy.  Combustion  (p.  16)  is  a 
chemical  process.  By  the  combustion  of  coal  in  steam  engines  by 
far  the  greater  part  of  the  work  is  produced  which  is  used  in  the  arts 
and  manufactures ; this  work  is  therefore  a product  of  transformation 
of  chemical  energy. 

For  all  these  forms  together,  the  law  of  conservation  holds.  If  in  a 
closed  system  transformations  of  energy  take  place,  the  sum  total  of 
energy  remains,  at  each  moment,  unchanged,  the  production  of  one 
eneigy  being  accompanied  by  the  simultaneous  disappearance  of  an 
equivalent  amount  of  another  energy ; and  conversely,  no  energy 
disappears  without  an  equivalent  amount  of  another  form  bein°- 
produced.  An  essential  supposition  made  here  is  that  all  the  forms 
of  energy  are  measured  in  the  same  units,  e.g.  the  erg. 

The  moie  exact  explanation  of  this  exceedingly  important  law 
will  be  given  in  the  course  of  our  further  discussions.  We  shall 
here  stdl  _ touch  only  on  the  question,  how  it  is  possible  to  discover 
such  a wide  and  comprehensive  law  and  to  prove  it  inductively,  i.e. 

support  it  with  a sufficient  number  of  examples.  The  answer  is  an 
historical  one. 

* In  former  centuries  numerous  mechanicians — some  of  them  ex- 
ceedingly skilled— busied  themselves  with  the  problem  of  perpetual 
motion,  i.e.  with  the  construction  of  a machine  which  should  keep 
itself  in  motion,  and  at  the  same  time  perform  external  work.  All 
their  endeavours  remained  fruitless,  and  it  looks  as  if  the  work  of  all 
these  industrious  and  ingenious  men  had  been  in  vain. 

' If,  however,  from  this  failure  we  draw  the  definite  conclusion 
that  a perpctuum  mobile  is  an  impossibility ; that  it  is,  therefore,  not 
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feasible  to  create  work  out  of  nothing,  and  that  machines  at  best  can  I 
give  out  only  the  amount  of  work  which  is  put  into  them,  we  obtain  j 
the  positive  law  of  the  conservation  of  work  in  perfect  machines.  1 
The  further  question  as  to  where  the  lost  work  remains  in  imperfect  I 
machines,  has  led  to  the  recognition  that  work  can  be  converted  into  | 
other  forms  of  an  equivalent  thing,  which  is  called  energy  ; and  as  the  * 
final  result  of  the  impossibility  of  perpetual  motion  there  is  developed  » 
the  law  of  the  conservation  of  energy — one  of  the  most  important  j 

laws  of  all  natural  science.  _ . . 

* Similar  developments  of  fruitless  labour  into  positive  laws  can 
be  recognised  in  other  parts  of  natural  science,  and  we  shall  at  a later 
time  have  to  occupy  ourselves  with  such  cases  (cf.  Chap.  D .). 

Summary.— The  production  and  disappearance  of  substances  I 
during  chemical  processes  raises  the  question,  whether  these  changes  j 
obey  any  laws ; and  it  is  found  as  a universal  experience,  with  no  I 
exception,  that  the  total  weight  of  the  substances  taking  part  in  any 
chemical  process  remains  unchanged.  The  total  weight  of  the  new  I 
substances  produced  is  equal  to  the  combined  weight  of  the  sub-  ; 

stances  disappearing.  . , , n ,, 

There  holds,  therefore,  for  all  chemical  processes  (and  for  all  other  .. 

known  processes  likewise)  the  law  of  the  conservation  of  weight.  I 

The  mass  of  a given  body  is  proportional  to  its  weight  the  ratio 
of  mass  to  weight  being,  for  all  bodies,  independent  of  their  other 
properties,  constant  at  a given  spot.  Hence  there  also  obtains  for  all! 
processes,  the  chemical  ones  included,  the  law  of  the  conservation  o/l 

milM The  two  magnitudes,  weight  and  mass,  have  no  direct  relation  to 
one  another,  and  the  law  of  their  proportionality  is  a purely  empirical. 

laW  An  indirect  relation  between  mass  and  weight  is  found  by  the  aid 
of  the  conception  of  work.  Denoting  by  this  name  the  product  of  a 
force  and  the  distance  over  which  it  acts,  the  law  can  be  stated,  o 
the  simple  “machines,”  that  in  the  limiting,  ideal  case,  the  word 
can  be  neither  increased  nor  diminished  by  such  machines.  T 
exists,  therefore,  for  them  a law  of  the  conservation  of  wrfe 

j a J 

„nver“a  definite  amount  of  work  taken  as  the  umt,  there  holds 

^uite  universally  a in  the  sense 

instated, eki:re„k^;.  i?«y,  chemical  energy,  heat, 
were  characterised  as  various  lands  of  eneig). 
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The  unit  of  energy  is  called  the  erg.  It  was  defined  as  twice  the 
j energy  contained  in  1 gram  of  any  body  when  it  has  the  velocity  of 
1 centimetre  in  1 second. 

If  the  body  has  the  mass  m and  the  velocity  c,  both  measured  in 
the  units  just  given,  its  kinetic  energy  is  equal  to  £mc2. 

When  1 gram  falls  through  1 centimetre,  under  the  influence  of 
gravity,  it  acquires  the  velocity  of  44‘20  cm. /sec.  Its  kinetic  energy 
is,  therefore,  equal  to  980  ergs.  This  has  been  produced  from  the 
work  of  gravity,  which  is  equal  to  the  product  of  the  force  of  gravity 
and  the  distance.  Since  the  latter  is  equal  to  unity  (1  cm.),  the 
former  must  be  equal  to  980.  The  force  with  which  gravity  acts  on 
1 gram  is,  therefore,  equal  to  980  units. 

A body  of  n grams  acquires  the  same  velocitjq  since,  as  experiment 
■ shows,  all  heavy  bodies  fall  equally  fast.  Its  kinetic  energy,  therefore, 
i amounts  to  980  n.  Accordingly,  the  force  of  gravity  acting  on  n gm., 
j amounts  to  980  n units. 

In  chemistry,  weight  and  mass  have  a special  importance,  from 
the  fact  that  the  chemical  energy  which  can  be  obtained  by  the  trans- 
formation of  any  substance,  is  proportional  to  its  weight  and  its  mass. 

• Since  the  value  of  substances  used  for  chemical  purposes,  e.g.  articles 
of  food  or  fuel,  are  measured  according  to  the  amount  of  chemical 
i energy  which  can  be  obtained  from  them,  the  weight  is  also  a measure 
of  the  chemical  value  of  different  quantities  of  the  same  substance. 

In  conclusion,  we  may  group  together  the  units  we  have  selected 
for  the  measurement  of  the  different  magnitudes.  These  units  are 
universally  used  in  science,  and  are  called  absolute  units. 


Unit  of  Time 
„ Length 
,,  Mass 
„ Energy 


Second  sec. 

Centimetre  cm. 

Gram  gm. 

Erg  e. 


The  last  two  units  are  not  independent  of  one  another  since,  when 
one  of  them  is  given,  the  other  can  be  determined  from  it  with  the 
help  of  the  first  two. 

From  these  fundamental  units,  compound  units  are  derived  by 
uniting  the  proper  magnitudes.  Thus,  the  unit  of  velocity  is  the 
velocity  of  1 centimetre  in  1 second,  1 cm./sec.  The  unit  of  force  is 
ithat  which  acting  over  1 cm.  performs  the  work  1 e.,  and  is  therefore 
represented  by  1 e./cm.  The  units  of  area  and  volume  are  given  by 
cm.2  and  cm.3  The  unit  of  density  is  1 gm./cm.3;  that  of  extensity 
1 cm.3/gm. 
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THE  phenomena  of  combustion  and  oxygen 


Combustion. — Of  the  chemical  processes  which  unceasingly  take  place 
in  our  surroundings,  the  phenomena  of  combustion  form  one  of  the 
most  extensive  and  important  groups.  From  remotest  times,  therefore, 
they  have  attracted  interest,  and  a large  part  of  scientific  chemistry 
has  developed  around  them. 

Combustion,  such  as  that  of  coal  in  the  fire  or  of  petroleum  m the 
lamp,  possesses  in  a marked  manner  the  peculiarity  of  chemical 
processes,  for  in  these  cases  the  burning  substances  disappear  and 

new  substances  are  produced.  _ . , 

Apparently,  combustions  take  place  in  such  a manner  that  the 
substances  disappear  either  completely,  as  m the  case  of  petroleum, 
or  at  all  events,  for  the  greater  part,  as  in  the  case  of  coal  Tor  the 
ash  which  in  the  latter  case  remains  behind  amounts  to  only  a small 


fraction  of  the  weight  of  the  coal.  _ 

That  combustions,  however,  take  place  in  which  the  converse  is 
the  case  can  be  shown  by  many  examples.  Place  on  the  one  scale- 
pan  of  a balance  a small  wire  tripod,  lay  thereon  a piece  of  fine  wirej 
crauze,  and  shake  out  on  this  a small  heap  of  fine  iron  powder.  On 
warming  the  edge  of  the  heap  with  a flame  the  iron  begins  to  glow, 
and  it  gradually  burns,  forming  a blackish,  coherent,  friable  mas,, 
which  has  quite  other  properties  than  the  iron,  and  is,  theie  oie, 


Since,  under  these  conditions,  the  combustion  of  the  iron  can  be 
observed  only  close  at  hand,  we  can  make  it  visible  at  a distance  \y 
sprinkling  some  of  the  iron  powder  in  the  flame.  Each  particle  then 
burns  forming  a brilliant,  star-shaped  spark.  On  a sheet  of  paper 
placed  underneath,  particles  of  the  same  blackish  mass  as  is  produced 
bv  the  burning  of  the  iron  on  the  wire-gauze  are  found. 

7 While  the  combustion  is  taking  place  on  the  wire-gauze,  the  sidj 
thp  balance  on  which  the  iron  is,  is  seen  to  become  heavier,  and  at 
Strikes' wth  some  f„,ce  against  the  base  The  combustion  of  .to. 
takes  place,  therefore,  with  increase  of  weight. 
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Is  Increase  of  Weight  on  Combustion  Universal  ? — Since 
the  first  supposition,  that  combustion  and  decrease  of  weight  always 
. go  hand  in  hand,  does  not  turn  out  to  be  true,  one  may  suppose  that 
the  opposite  is  the  case,  i.e.  that  increase  of  weight  always  occurs. 

: For  it  follows  from  the  law  of  conservation  of  weight,  that  burning 
petroleum  and  burning  alcohol  do  not  disappear  into  nothing.  New 
substances  must,  therefore,  be  produced,  and  the  following  experiment 
will  readily  convince  one  of  this.  Take  a large,  dry  tumbler  and 
hold  it  over  a flame  so  that  the  flame  burns  inside.  The  tumbler  is 
then  seen  to  become  immediately  covered  with  a film  which  has 
exactly  the  appearance  of  the  film  of  moisture  which  forms  on  cold 
window  panes.  On  closer  investigation  one  can  convince  oneself  that 
the  film  consists  of  water.  Since  this  phenomenon  does  not  occur 
when  the  tumbler  is  held  over  the  unlit  lamp,  it  follows  that  water  is 
formed  in  the  flame. 

Further,  if  a similar  tumbler  be  rinsed  out  with  lime-water  and 
then  held  in  this  condition  over  the  flame,  a white  solid  is  formed  in 
the  lime-water  which  looks  exactly  like  chalk.  This  phenomenon  also 
occurs  only  when  the  lamp  is  lit. 

* The  lime-water  for  this  experiment  is  prepared  by  shaking  lime 
with  water,  and  then  allowing  the  milky  liquid  to  stand  in  a closed 
bottle.  In  a few  hours  the  lime  sinks  to  the  bottom,  and  the  clear, 
supernatant  liquid  is  then  poured  off  into  another  bottle.  As  a rule' 
it  thereby  again  becomes  milky,  and  must  stand  some  time  to  become 
clear. 

These  experiments  show  that,  although  in  the  combustion  of  the 
above  liquids,  the  latter  certainly  disappear,  new  substances  are 
produced,  which  escape  direct  observation  only  from  the  fact  that 
they  occur  as  gases. 

Processes,  by  means  of  which  the  presence  of  certain  substances 
can  be  detected,  such  as  the  formation  of  the  film  on  the  tumbler  and 
of  the  white  solid  in  the  previously  clear  liquid,  are  called  reactions, 
and  the  substances  necessary  for  them,  reagents.  The  formation  of  the 
film  is  a reaction  for  water  vapour,  and  lime-water  is  a reagent  for 
another  substance  which  is  also  formed  in  the  combustion  of  petroleum 
or  of  alcohol. 

To  give,  then,  a proper  answer  to  the  question,  whether  in  the 
-ombustion  of  petroleum  or  of  stearin  an  increase  or  diminution  of 
weight  occurs,  care  must  be  taken  that  the  gases  formed  do  not  escape 
nto  the  air,  but  are  held  fast.  This  is  effected  by  means  of  a white 
substance  which  is  sold  under  the  name  of  caustic  soda,  and  is 
■ormed  into  rods  or  broken  into  irregular  pieces.  With  this  substance 
ile  upper  part  of  a lamp  cylinder  is  loosely  filled,  a piece  of  wire- 
fUZe  fixed  into  the  cylinder  preventing  the  caustic  soda  from  falling 
lovyn.  The  cylinder  is  then  placed  on  the  balance  in  such  a way 
mat  a small  lamp  or  a candle  can  be  placed  underneath  it  (Fig.  9). 
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When  the  whole  has  been  brought  into  equipoise  the  lamp  is  lit.  In 
a short  time  that  side  of  the  balance  on  which  the  lamp  is,  sinks, 

thus  proving  that  the  petroleum  and  the 
stearin  on  combustion  are  converted  into 
substances  which  are  heavier  than  the 
part  of  the  combustible  substance  which 
disappears. 

From  these  experiments  we  can  draw 
the  general  conclusion  that  combustion 
consists  in  the  chemical  action  of  the 
combustible  substances  on  some  other 
substance  which  combines  with  them  to 
form  new  substances.  For,  according 
to  the  law  of  the  conservation  of 
weight,  the  increase  of  weight  can  be 
produced  only  by  the  addition  of  another 
ponderable  substance  to  the  substances 
undergoing  combustion. 

This  substance  will  be  sought  for  in 
the  air,  since,  in  the  case  of  the  processes, 
we  are  considering,  there  is  no  possi- 
bility of  the  access  of  any  other  ponder- 
riu. ».  able  substance. 

Behaviour  of  the  Air  during  Combustion.— For  the  purpose 
of  getting  a more  exact  knowledge  of  the  process  of  combustion  m 
this  direction,  we  must  shut  off  the  process  from  the  rest  of  the 
outside  world  in  such  a way  that  we  can  mvest.ga .te  al  the  cha  ^ 
which  occur  in  the  participating  substances  W e thereto 
the  combustion  in  a closed  space,  in  a glass  flask.  , ^ r 

The  first  thine  that  we  notice  here  is,  that  in  a given  volume  o 
air  ilk  nof possible  to  burn  any  quantity  of  oil,  hut  that  he  amount 
burned  is  greater,  the  greater  the  volume  of  the  air.  T erei ' ’I 

something  contained  in  the  air  which  is  necessary  for  ““bust“  tU 
The  air  however,  does  not  consist  entirely  of  this  sometn 
No  matter  what  substances  are  burned  in  a given  quantity ^o  ai i , fi 
never  succeeds  in  using  up  the  ^ole  amount  of  am  1 o nthe  cont,  ary, 
about  4ths  of  it  remain  behind.  In  this  iesm  , 

- it " ’.xuriia'i.  .,-i, ...  —— 

and  of  another  which  does  not  effect  combust  ■ combustion 

Oxvffen. — That  the  power  of  the  an  to  suppoio 
depends  on  the  presence  of  a gaseous  substance  vjic  i by  the 

stitute  the  whole  air,  but  only  abou  5 \ , eighteenth 

chemist,  Scheele  (born  at  Stralsund),  towards  tlie  end  of  the  eiB 


Fig.  9. 
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gjj<  century.  Scheele  confirmed  his  opinion,  which  was  opposed  to  the 
u then  existing  ideas  of  the  “ elementary  ” nature  of  the  air,  by  showing 
. how  to  prepare  a substance  which  had  the  power  of  supporting  com- 
■ ! bustion  in  a much  higher  degree  than  ordinary  air,  and  which  left 
I;  behind  no  residue  incapable  of  supporting  combustion. 

Scheele  obtained  his  gas,  which  he  called  fire-air,  by  strongly  lieat- 
g|  ing  the  substance  well  known  by  the  name  of  saltpetre.  He  afterwards 
A.  obtained  it  in  the  same  manner  from  the  mineral  pyrolusite. 

Independently  of  Scheele,  the  same  substance  was  discovered  some- 


Fio.  10. 

what  later  by  Priestley,  who  prepared  it  by  strongly  heating  a red- 
yellow  substance  called  oxide  of  mercury. 

The  last  experiment  is  the  most  convenient  for  repetition.  The 
red-yellow  powder  (oxide  of  mercury)  is  placed  in  a bent  tube  of  hard 
glass  (Fig.  10).  rl  he  tube  is  closed  by  a perforated  cork,  carrying 
a narrow  tube  with  indiarubber  tubing  attached.  On  heating  the  tube 
containing  the  oxide  of  mercury,  this  substance  first  becomes  darker, 
almost  black,  in  colour.  After  some  time  a film  with  a metallic  lustre 
is  formed  on  the  tube  near  the  heated  part.  If  the  end  of  the  gas- 
delivery  tube  is  placed  under  water  bubbles  of  gas  are  seen  to  rise. 
This  might  be  taken  for  air,  which  is  caused  to  expand  by  the  heating, 
and  partially  escapes  from  the  tube.  We  can  readily  convince  our- 
selves, however,  that  the  gas  is  not  ordinary  air  ; for  if  a splinter  of 
wood  which  has  been  lit  and  then  blown  out,  so  that  only  the  charred 
end  glows  feebly,  be  brought  to  the  mouth  of  the  tube,  it  at  once 
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bursts  into  flame.  The  gas  which  is  evolved  can  be  collected  by  filling 
a vessel  with  water  and  inverting  it  in  the  trough  in  such  a manner 
that  the  opening  remains  under  water.  On  allowing  the  gas  bubbles 
to  pass  from  the  tube  into  the  mouth  of  the  vessel  the  water  is 
displaced  by  the  new  gas,  and  after  some  time  the  vessel  is  filled  with 
it.  The  process  goes  on  so  long  as  there  is  oxide  of  mercury  present. 
This  has,  however,  in  the  meantime  diminished  in  amount,  and  after 
some  time  disappears  entirely.  At  the  same  moment,  the  evolution 

of  gas  ceases.  _ . 

Properties  of  Oxygen. — If  we  examine  the  gas  thus  obtained, 

we  cannot,  by  its  external  appearance,  distinguish  it  from  air.  Like 
air,  it  is  colourless ; proves,  on  appropriately  testing  it,  to  be  odourless 
and  tasteless;  from  the  manner  of  its  preparation  also,  it  is  evident 
that  it  is,  like  air,  insoluble  or  only  slightly  soluble  in  water.  I hat 
it  is,  however,  different  from  air  is  shown  by  its  already  known 


behaviour  towards  glowing  wood.  Exact  investigation,  also,  shows 
that  its  density  and  its  other  physical  properties  are  distinctly  different 
from  those  of  air.  We  have,  therefore,  ground  for  considering  the 
o-as  evolved  from  oxide  of  mercury  to  be  a substance  of  a special  kind. 
Such,  as  a matter  of  fact,  it  is,  and  it  is  called  oxygen. 

Decomposition  of  Oxide  of  Mercury.— Let  us  now  investigate 
more  closely  the  process  by  which  We  have  obtained  oxygen.  As  we 
see,  the  oxide  of  mercury  has  completely  disappeared.  Along  with  the 
oxygen,  however,  a liquid  substance  with  a metallic  lustre  has  been 
produced ; this  has  been  deposited  in  the  fore  part  of  the  tube,  an 
exhibits  the  properties  of  mercury.  Besides  these,  nothing  else  can 

136  fThe  oxide  of  mercury  has,  therefore,  been  converted  into  oxygen 
and  metallic  mercury.  If  the  weight  of  the  oxide  of  »y,  o * 
mercury,  and  of  the  oxygen  be  determined,  it  is  found  that  the  wei 
of  the  first  is  equal  to  the  sum  of  the  other  two  In  accordance  w h 
the  law  of  the  conservation  of  weight,  we  shall  say  that  the  oxi 
of  mercury  has,  under  the  influence  of  heat,  been  transformed  in 
mercury  and  oxygen,  and  we  may  add  that  no  other  substance  can  toe 
been  produced  fnth’e  process.  We  can  therefore  write  the  equation  : 

Oxide  of  mercury  = mercury  + oxygen, 

where  the  sign  of  equality  signifies  that  the  substances  on  either  side 
nf  the  si°-n  can  be  transformed  into  one  another. 

One  often  finds  the  expression  used  that  oxide  of 
of  mercury  and  oxygen,  since  the  former  can  be  converted  into  the 
latter.  However,  oxide  of  mercury  exhibits  the  properties  neither  of 

. The  name  oxygen  (acid  producer)  belong,  to  an  olden 

?oS?p—  tr  r r^sscs  ssaa“A‘ v — - 

retained. 
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mercury  nor  of  oxygen.  Since  a substance  is  characterised  only  by 
its-  properties,  such  a statement  as  the  above  has  no  real  meaning, 
and  is  only  a short  inaccurate  method  of  expressing  definite  regu- 
larities which  will  be  discussed  later  (Chap.  IV.). 

This  method  of  expression  is,  however,  so  generally  used  that  we 
must  retain  it  for  the  sake  of  intelligibility,  though  with  the  reserva- 
tion just  made. 

Combination. — The  process  of  the  conversion  of  oxide  of  mercury 
into  mercury  and  oxygen  can  be  reversed.  By  heating  mercury  in 
contact  with  air,  i.e.  with  the  oxygen  of  the  air,  to  about  its  boiling 
point,  it  is  converted  into  oxide  of  mercury.  The  process,  however, 
requires  days  in  order  to  yield  an  appreciable  amount  of  oxide  of 
mercury. 

As  a single  substance  is  hereby  produced  from  two  different 
substances,  the  process  is  called  a combination ; the  reverse  process, 
the  conversion  of  one  substance  into  two — oxide  of  mercury  into 
mercury  and  oxygen  is  called  a decomposition.  In  the  same  way, 
mercury  and  oxygen  are  called  the  constituents  of  oxide  of  mercury’ 
and  this,  a compound  of  the  two  other  substances.  It  is  looked  upon, 
therefore,  as  a composite  substance  with  regard  to  its  constituents  ; still 
one  may  be  again  reminded  of  the  reservation  we  have  just  made. 

Quantity  Relations.— Returning  to  our  experiment,  we  can  raise 
the  question  as  to  the  quantity  relations  of  the  participating  substances, 
riom  the  experiences  of  common  life,  one  will  be  inclined  to  assume 
that  in  the  conversion  of  a substance  A into  a substance  B,  the  amount 
of  B obtained  will  diminish  and  increase  in  the  same  ratio  as  the 
amount  of  A used.  However,  from  the  same  experiences,  one  would 
conclude  that  although  the  “yield”  would  on  the  whole  agree  with 

this  rule,  it  would,  in  individual  cases,  show  more  or  less  deviation 
from  it. 

Let  us  perform  suitable  experiments  by  decomposing  various 
accurately  weighed-out  amounts  of  oxide  of  mercury  and  measuring 
the  oxygen  evolved.  (The  necessary  precautions  to  be  taken  here  will 
be  presently  discussed;  vide  Chap.  V.).  We  find  that  the  ratio  of  the 
amount  of  oxide  of  mercury  used  to  the  amount  of  oxygen  obtained  is 

constant  not  only  approximately  but  with  all  the  accuracy  with  which  ice  can 
■naow  the  measurement. 

The  relation  which  we  here  meet  with  is  a case  of  a general  law  of 
aature.  ° 


men  one  substance  is  converted  into  another,  there  exists  a definite 
maria  >le  relation  between  the  amount  of  the  substance  disappearing  and  that 
>J  the  substance  produced. 

V e can  at  once  extend  this  law  and  say  that  when  two  substances 
-ombine  with  one  another  to  form  a third  substance,  an  invariable 
elation  also  exists  between  the  two  substances.  For  the  weight  of 
he  substance  produced  stands,  in  accordance  with  the  law  just  seated 
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in  a constant  relation  to  that  of  the  substance  which  disappears.  This 
weight  is,  however,  equal  to  the  sum  of  the  weights  of  the  combining 
substances.  If  the  two  separate  weights  are  proportional  to  their  sum,  ■ 

they  arc  also  proportional  to  one  anothei . , 

In  symbols,  the  law  can  be  represented  thus.  Let  the  amounts  of 
the  combining  substances  be  A and  B,  and  the  amount  of  the  substance 
produced  or  the  compound  be  C.  Then,  according  to  the  first  law, 
A/C  = const.,  and  B/C  = const.  From  this  there  follows,  by  division, 

A/B  = const.,  which  had  to  be  proved. 

What  has  here  been  stated  for  two  substances  which  combine  with 
one  another  holds  for  any  number  of  substances;  the  law  of  constant  .j 

combining  proportions  is  universal.  . f ] , 

The  accuracy  of  this  law  has  been  subjected  to  a very  careful  test 
by  various  investigators,  both  the  source  or  the  method  of  preparation 
of  the  participating  substances  and  the  conditions  of  the  transformation 
being  changed  as  much  as  possible.  The  result  obtained  was  similar 
to  that  in  the  case  of  the  law  of  the  conservation  of  ^ss  andjo  one 
has  succeeded  in  showing  deviations  from  the  law.  On  the  contrary 
the  relations  were  found  to  be  invariable  within  the  same Jkmite ; of 
error  as  the  quantity  determinations  themselves  could  be  earned  out. 
The  law  of  invariable  transformation  ratios  belongs  therefore,  alon 
with  the  law  of  the  conservation  of  mass,  to  the  few  laws  which, 
within  the  bounds  of  our  present  knowledge,  can  be  designated  as 

'^Deductive  Derivation  of  the  Law  of  Constant  Proportions 

—The  law  of  the  invariability  of  the  combining  proportions,  which 
have  iust  obtained  empirically,  can  be  regarded  as  a consequence  of  the 

iItp  interaction  of  two  substances,  the  amounts  of  t 1 ° 

" oessary  for  this  result  cannot  interact  m arbitrary  pro- 

portion^  t 

S of  'A  unknown  relations  tom  othe.  aWy I 


=!  and  a science  which  is  ba^d  entirely  or 

Sfly  on  such  a method  is  called  i™-^ 

a double  possibility  of  error  at^che  Xtointies  attaching  to  the 
Firstly,  these  conclusions  share  all  the ^ w th°  e bare 

Xr  ^ ^ " 
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the  varying  nature  of  the  conceptions  employed,  and  to  the  incomplete- 
ness of  the  distinctions  made,  can  often  be  avoided  or  discovered  only 
with  difficulty. 

* In  the  natural  sciences,  now,  there  is  an  invaluable  means  of 
testing  deductive  conclusions : their  demands  are  compared  directly  with 
experience.  Thus  it  would  have  been  quite  possible  for  a meditative 
investigator  to  derive  the  law  of  constant  combining  proportions  from 
the  empirically  formed  conception  of  a substance  endowed  with  definite 
properties.  He  could  then  have  stated  this  law  as  a deduction  from 
the  former  one ; it  would,  however,  have  obtained  validity  in  science 
only  when  he  or  some  other  investigator  had  proved  the  correctness  of 
the  deduction  by  a number  of  appropriate  measurements. 

From  this  it  would  appear  as  if  the  method  of  deduction  could 
be  entirely  dispensed  with,  since  the  results,  as  we  have  seen,  must  be 
tested  and  confirmed  by  experience  before  they  are  acknowledged. 
The  discovery  of  new  laws  could,  indeed,  be  left  entirely  to  experience. 
Against  this,  however,  there  is  to  be  said  that  the  empirical  discovery 
of  laws  would  be  too  dependent  on  chance,  whereas  the  drawing  of 
conclusions  from  existing  laws  offers  a rational  method  for  the  discovery 
of  new  ones.  But  further,  it  is  of  the  highest  importance  to  know  the 
interdependence  of  the  different  laws,  so  that  if  limitations  or  errors 
are  found  in  a law,  one  may  be  able  to  judge  of  the  bearing  of 
these  on  other  laws.  This  interdependence  of  the  laws  can,  how- 
ever, be  ascertained  only  by  the  deductive  method.  This  forms, 
therefore,  an  important  aid  to  the  advance  of  science,  and  a guarantee 
of  its  stability. 

Summary. — The  investigation  of  one  of  the  most  frequent  and 
conspicuous  chemical  phenomena,  combustion,  showed  that  this  consists 
in  the  interaction  of  the  burning  substances  with  a portion  of  the  air. 
The  substance  constituting  this  portion  is  called  oxygen,  and  the 
interaction  takes  place  in  such  a way  that  the  oxygen  unites  with  the 
burning  substances,  forming  with  them  new  substances  which  together 
weigh  more  than  the  combustible  substances  had  before  weighed. 
The  increase  of  weight  is,  in  accordance  with  the  law  of  the  conservation 
of  weight,  equal  to  the  weight  of  the  oxygen  which  has  at  the  same 
time  disappeared. 

Oxygen  can  be  prepared  in  the  pure  condition  by  heating  certain 
substances,  e.g.  oxide  of  mercury.  It  is  found  to  be  a colourless  gas  in 
which  combustible  substances  burn  more  vigorously  than  in  ordinary 
air. 

Besides  oxygen,  metallic  mercury  is  at  the  same  time  produced 
from  the  oxide  of  mercury.  The  weight  of  this  and  the  oxygen  is 
equal  to  the  weight  of  the  oxide  of  mercury  which  has  disappeared. 
Mercuiy  and  oxygen  are  called  the  constituents  of  oxide  of  mercury, 
and  the  latter  is  called  a compound  of  the  two  former. 

The  formation  of  compounds  from  their  constituents  takes  place  in 
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definite  proportions  by  weight,  which  depend  only  on  the  nature  of  the 
substances,  and  not  on  the  circumstances  under  which  the  compounds 
• are  produced.  This  lain  of  constant  proportions  by  weight  holds  for  all  lands 
of  chemical  transformation  whatever. 

The  exactitude  of  this  laAV  is  of  the  same  order  as  that  of  the  law 
of  conservation  of  weight  in  chemical  processes,  i.e.  no  deviations  from 
it  have  as  yet  been  proved. 


CHAPTER  IV 


THE  CHEMICAL  ELEMENTS 


Elements  and  Compounds. — By  the  agency  of  heat  we  had 
succeeded  in  transforming  oxide  of  mercury  into  more  “simple”  con- 
stituents, i.e.  into  substances  whose  separate  weights  are  less  than  the 
weight  of  the  original  substance,  while  the  sum  of  their  weights  is 
equal  to  the  weight  of  the  original  substance.  Similar  “decom- 
positions ” can  be  effected  by  the  application  of  other  forms  of  energy, 
r.g.  electrical  energy.  Imagine,  now,  all  substances  tested  in  this 
respect,  and  the  “simpler”  substances  thereby  obtained  likewise 
subjected  to  the  decomposition  treatment.  Substances  will  then  be 
ultimately  obtained  which  can  in  no  way  be  decomposed  into 
simpler  ones,  i.e,  substances  which  in  all  chemical  transformations  can 
yield  only  substances  of  greater,  or,  at  best,  of  equal  weight. 

Such  substances  are  called  elements.  From  what  has  just  been  said, 
it  follows  that  the  scientific  conception  of  a chemical  element  is  by  no 
means  that  of  a substance  which  is,  in  principle,  “ undecomposable,”  but 
simply  that  of  a substance  which  has  hitherto  never  been  converted 
into  one  of  less  mass  than  itself. 

Despite  the  exceedingly  large  number  of  chemically  different  sub- 
stances, amounting  to  many  thousands,  the  number  of  the  chemical 
elements  is  not  great.  There  are,  in  all,  seventy  to  eighty  different 
substances  into  which  all  naturally  occurring  substances  can  be  trans- 
formed, or  of  which  they  “ consist.”  And,  in  fact,  it  has  been  found 
that  the  number  of  different  elements  into  which  a given  substance 
can  be  separated  is  generally  very  small.  By  far  the  larger  number 
of  substances  contain  only  two,  three,  or  four  elements  ; substances 
with  a larger  number  of  elements  are  comparatively  rare. 

The  names  of  the  elements  so  far  known  with  certaintv  are  as 
follows : — 


Aluminium 

Antimony 


Table  of  the  Elements 

Argon  Barium 

Arsenic  Beryllium 
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Table  of  the  Elements — Continued 


Bismuth 

Boron 

Bromine 

Cadmium 

Caesium 

Calcium 

Carbon 

Cerium 

Chlorine 

Chromium 

Cobalt 

Copper 

Erbium 

Fluorine 

Gadolinium 

Gallium 

Germanium 

Gold 

Helium 

Hydrogen 

Indium 

Iodine 

Iridium 

Iron 


Krypton 
Lanthanum 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Neodymium 
Neon 
Nickel 
Niobium 
Nitrogen 
Osmium 
Oxygen 
j Palladium 
I Phosphorus 
Platinum 
Potassium 
Praseodymium 
Rhodium 
Rubidium 
Ruthenium 


Samarium 
Scandium 
Selenium 
Silver 
j Silicon 
Sodium 
; Strontium 
Sulphur 
Tantalum 
j Tellurium 
J Thallium 
| Thorium 
, Thulium 
i Tin 

| Titanium 
Tungsten 
Uranium 
Vanadium 
Xenon 
Ytterbium 
Yttrium 
Zinc 

Zirconium 


The  Elements. — Substances  which  in  chemical  transformations 
can  only  increase  in  weight,  or  elements,  occur  to  a small  extent  ing 
nature ; for  the  most  part,  however,  they  are  artificially  prepared,  i.e. 
obtained  from  their  compounds  (p.  39).  The  ways  m which  this  is 
carried  out,  will  not  be  considered  till  later.  For  the  purpose  how- 
ever, of  obtaining  a first  general  view  of  those  substances  which  are 
most  important  in  chemistry,  we  shall  give  a preliminary  account  of 
the  chief  properties  of  the  elements  and  of  some  of  their  compounds, 
especially  so  far  as  they  are  usually  known  to  a beginner  from  his 
experiences  in  ordinary  life. 

Since  the  number  of  the  elements  exceeds  seventy,  a c ossification 
of  this  large  total  is  necessary.  This  is  earned  out  on  the  basis  o 
greater  or  less  similarity  of  the  elements  and  their  compounds.  Since 
a more  exact  knowledge  is  necessary  before  this  similarity  can  be 
fudged,  it  is  not  possible  to  explain  here  the  grounds  for  the  classifica- 
tion used  : they  will  be  discussed  at  the  conclusion  of  the  work. 

The  elements  are,  first  of  all,  grouped  into  non-metals  and  metah. 
While  the  latter,  which  form  by  far  the  larger  number,  possess  the 
well-known,  easily  recognisable  properties  which  are  connected  w.th 
the  conception  of  a metal,  and  which  we  meet  with,  say,  in  the  case  o 
silver  iron,  or  lead,  there  is  no  such  common  character  m the  non- 
metals  • on  the  contrary,  they  exhibit  a large  variety  of  different 
properties  The  further  subdivision  of  these  two  groups  is  cam 
ES.  principle  of  similarity,  U in  accordance  ^ W" 
the  properties  of  their  derivatives  or  compounds.  The  single  eioups 
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I . are  generally  named  after  specially  well-known  or  characteristic 
I elements  belonging  to  them. 

As  to  the  best  classification  of  the  elements,  there  has  been  much 
| discussion.  Since  we  are  not  dealing  here  with  a question  to  be 
I answered  by  yes  or  no,  but  with  the  judging  between  different  con- 
I siderations  of  suitability,  it  is  natural  that  no  definite  decision  has 
I been  reached,  as  also  that  such  a decision  is  not  a matter  of  very 
I great  importance.  Under  all  circumstances  it  is  well  to  bear  in 
I mind  that  every  such  scheme  is  one-sided,  certain  similarities  being 
I more  strongly  emphasised  than  others,  and  that  it  is  more  to  the 
interest  of  the  learner  to  recognise  the  possibility  of  various  classifica- 
I tions  than  to  make  his  knowledge  one-sided  by  the  idea  of  an 
“ absolutely  ” best  arrangement.  The  following  arrangement  affords 
I a general  view  of  the  elements. 

I.  Non-Metals 

A.  Hydrogen  and  the  halogens. 

B.  The  oxygen  group. 

C.  The  nitrogen  group. 

D.  The  carbon  group. 

E.  Tlie  argon  group. 

II.  Metals 

F.  Alkali  metals.  j 

G.  Alkaline  earth  metals.  I Light  metals. 

H.  Earth  metals.  J 

I.  The  iron  group.  j 

J.  The  copper  group.  - Heavy  metals. 

K.  Other  metals.  J 

The  above  grouping  is  by  no  means  ideal,  still  it  has  the  advan- 
tage of  bringing  together  the  most  important  natural  groups  of 
the  elements. 

The  two  divisions  of  the  metals,  the  light  and  the  heavy,  are 
so  formed  that  the  first  division  contains  the  metals  whose  density 
does  not  exceed  4,  while  to  the  second  division  belong  the  metals  with 
higher  density.  With  this  apparently  rather  external  and  arbitrary 
I distinction,  there  are  bound  up  important  chemical  differences,  which 
I form  the  real  justification  of  the  division. 

We  pass  now  to  the  characterisation  of  the  individual  elements. 

Non-Metals 

A.  Hydrogen  and  the  Halogens 

I Hydrogen  is  a colourless  gas  which  is  more  difficult  to  bring  into 
B the  liquid  and  solid  state  than  any  other  substance.1  It  is  the  lightest 

■ 1 Helium  (p.  51)  approaches  very  nearly  and  is  even  perhaps  superior  to  hvdroeen 

■ in  this  respect.  J ° 
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of  all  known  substances,  for  1 cc.  of  it  weighs  under  “normal” 
conditions,  i.e,  at  0°  C.  and  under  a pressure  of  76  cm.  mercury,  only 
It  does  not  occur  in  appreciable  quantity  in  nature, 
' probably  a very  small  quantity  of  it  present  in 


gm. 


is 


0-000090 
although  there 
the  air. 

In  compounds, 
which  covers  4th s 


hydrogen  is  met  with  very  frequently.  Water, 
n&  of  the  earth’s  surface,  is  a compound  of  hydrogen 
with  oxygen.  Moreover,  hydrogen  is  present  in  almost  all  the 
substances  of  which  the  bodies  of  animals  and  plants  are  built  up. 

Fluorine  is  a faintly  yellowish-green  coloured  gas  which  does  not 
occur  in  nature  and  which  can  be  prepared  only  with  difficulty,  since 
it  at  once  interacts  chemically  with  almost  all  substances. 

Its  naturally  occurring  compounds  are  not  rare ; the  best  known  is 
fluorspar. 

Chlorine,  likeivise,  does  not  occur  free  in  nature,  and  must  be 
prepared  from  its  compounds.  It  is  a yellow-green  coloured  gas 
with  a powerful  smell,  and  has  a very  harmful  action  on  life  of  all 
kinds.  By  moderate  pressure,  it  can  be  condensed  to  a,  yellow-green 
coloured,  oily  liquid,  which  is  prepared  on  a manufacturing  scale  and 
sold  in  metal  bottles.  Chlorine,  also,  has  the  power  of  readily  form-  i 
ing  chemical  compounds. 

Compounds  of  chlorine  occur  widely  in  nature.  The  most  import- 
ant and  best  known  is  common  salt,  the  familiar  white  substance, 
which  is  soluble  in  water  and  which  we  are  wont  to  add  to  almost 
all  our  food. 

Hydrochloric  acid  is  a compound  of  chlorine  and  hj  diogen.  . 

Bromine  is  a dark  brown-red  liquid,  transparent  only  in  quite  thin 
layers,  and  is  one  of  the  few  elements  which  are  liquid  at  ordinary 
temperatures.  Even  at  room  temperature,  it  passes  very  readily  into 
a yellow-red,  heavy  vapour  which  has  an  exceedingly  disagreeable 
smell  and  has  a caustic  action  on  all  organisms..  It  shares  with 
fluorine  and  chlorine  the  widely  extended  combining  power,  but 
possesses  this  to  a less  degree  than  those  elements.  Bromine  does 

not  occur  free  in  nature.  i •. 

The  best  known  compound  of  bromine  is  potassium  bromide,  a white 

salt,  readily  soluble  in  water,  which  finds  application  m medicine  and 
in  photography.  The  bromine  compounds  occur,  indeed,  widely^ 
distributed  in  nature  but  generally  m small  quantities,  so  < 
bromine  belongs  to  the  somewhat  rarer  elements. 

Iodine  is  a solid,  crystalline  substance  of  a blackish  - violet  coloui, 
and  with  a lustre  which  approaches  that  of  the  metals.  v°  » 
slightly  at  room  temperature;  sufficient,  howe\ei,  for  , 

Stinct  and  not  pleasant  smell.  At  higher  temperatures  it  melts  and 

nnsses  into  a vapour  of  a fine  violet  colour.  . . . 

1C’  Iodine  dissolves  in  various  liquids,  giving  solutions  which  ar 
sometimes  coloured  brown,  sometimes  violet.  A solu  ion  o 
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alcohol  is  employed  in  medicine  under  the  name  of  tincture  of  iodine. 
It  is  a brown  liquid  having  the  smell  of  its  two  components. 

Iodine  does  not  occur  free  in  nature ; its  compounds  are  sparsely 
distributed.  Potassium  iodide,  a white  salt  readily  becoming  yellow 
or  brown  coloured  owing  to  the  separation  of  iodine,  finds  frequent 
application. 


B.  The  Oxygen  Group 

Oxygen  is  a gas  which  forms  a constituent  of  the  atmospheric  air 
(about  -1-th),  and  as  such  is  exceedingly  important  for  living  nature. 
The  work  or  energy  which  the  organisms  require  for  the  exercise  of 
their  functions,  is  derived  from  the  combination  of  the  substances  of 
which  they  consist  with  oxygen.  Likewise,  all  phenomena  of  com- 
bustion by  means  of  which  we  warm  our  houses  and  drive  our 
machines  depend  on  the  co-operation  of  oxygen. 

Oxygen  gas  is,  in  thin  layers,  colourless ; in  very  thick  ones, 
blue.  By  strong  cooling  it  can  be  condensed  to  a bluish  liquid  which 
boils  at  - 180°  C. 

Besides  the  large  quantities  of  oxygen  which  occur  free  in  the 
air  there  are  also  enormous  quantities  of  the  element  contained  in 
compounds.  Most  of  the  compound  substances  which  we  find  at 
the  earth’s  surface  contain  oxygen.  Of  these  compounds,  the  most 
important  is  water  (cf.  p.  46).  In  weight,  oxygen  far  surpasses  all 
other  elements  at  the  earth’s  surface. 

On  account  of  the  great  importance  of  oxygen  and  of  its  com- 
pounds for  all  life,  and  on  account  of  the  very  numerous  compounds 
which  it  forms,  this  element  occupies  a specially  prominent  place  in 
chemistry,  and  may  be  designated  as  the  most  important  of  all  the 
elements. 

Sulphur  is  a well-known,  yellow,  solid  substance  which  melts  at 
120°  C.  to  a honey-coloured  liquid  and  readily  inflames  in  the  air.  It 
burns  with  a blue  flame,  forming  a gaseous  oxygen  compound  which  is 
easily  recognised  by  its  pungent  odour. 

Sulphur  does  not  conduct  electricity,  and  readily  becomes  negatively 
electrified  on  being  rubbed. 

Sulphur  is  widely  distributed  in  nature.  It  occurs  in  large 
quantities,  especially  in  volcanic  regions,  sometimes  pure,  sometimes 
impure  through  admixture  with  earthy  matter.  Not  inconsiderable 
quantities  of  sulphur  are  also  found  in  places  where  a decomposition 
of  salts  containing  sulphur  is  effected  by  peat  or  brown  coal. 

Sulphur  is  met  with  in  much  larger  quantity  in  chemical  compounds 
than  in  the  free  state.  Gypsum  and  iron  pyrites  may  be  mentioned  as 
the  best  known  of  these  substances. 

Besides  the  oxygen  compound  of  sulphur  just  mentioned  a 
hydrogen  compound  forces  itself  on  the  observation  through  its 
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conspicuous  and  unpleasant  smell.  This  substance  is  produced  in 
the  decomposition  of  many  animal  substances, , e.g.  eggs  and  the 
“smell  of  rotten  eggs”  thereby  produced  is  m reality  the  smell  1 
of  the  compound  of  sulphur  and  hydrogen,  sulphuretted  hydrogen.  j 
Selenium  and  Tellurium  are  two  very  rare  elements  whose  com- . 
pounds  are  similar  to  those  of  sulphur,  whereas  the  free  elements 
differ  in  their  properties.  Selenium  is  generally  a black -red,  solid 
substance  which  does  not  conduct  electricity.  Resides  this,  however 
another  form  of  selenium  is  known  which  has  a half-metallic  lustre 
and  a slight  electrical  conductivity.  In  nature,  selenium  occurs 
almost  entirely  in  the  form  of  compounds ; occasionally,  it  is  found  in 

t^TeSurium  il  a°  grey,  solid  substance  with  metallic  lustre,  and 
conducts  electricity  like  a metal.  It,  also,  occurs  in  nature  generally 
in  compounds. 


C.  The  Nitrogen  Group 

Nitrogen  is  a gaseous  element  occurring,  to  a preponderating  extent 
in  the  free  state  f the  amount  of  the  nitrogen  compounds  fZs  the 
with  that  of  elementary  nitrogen  in  nature,  is  smal  ■ , 

chief  constituent  of  atmospheric  air,  which  is  a mixture  (not  a 
chemical  compound)  of  fths  nitrogen  and  Tth  oxygen  by  vo  um  ^ - ■ 
can  be  understood  from  the  known  properties  of  the  air  £ 

colourless  odourless,  and  tasteless.  By  great  cold  it,  also,  can 
condensed  to  a liquid ; Avith  greater  difficulty,  however,  than  oxygen. 
Tts  boiling  point  lies  lower  than  that  of  oxygen,  viz,  - 194  y 

Although  the  nitrogen  compounds  are,  in  amount,  inferior  to  the 
crpp  nitrogen  they  are,  nevertheless,  of  very  great  importance,  ance 
the  most  important  constituents  of  the  vegetable  and  animal  structure^ 
Ire  “troge"  compounds.  Especially  the  substance  o the  mus les  and 
the  contents  of  the  cells,  the  so-called  protoplasm,  to  which  the  . 

‘““of 'the  bet“erC] town  “o^pounT  of  nitrogen  in  the  mineral 

elementary  nitrogen  possesses  only  in  a teiys  lg  g t]lerefore 

of  interacting  chemically _ with  other . bobtail 

characterised  as  a chemically  inei  start  from 

SEE  iSr^^Or^t  be  prepared  from  other 

on  account  of  then  similaii  y _ds  The  free  elements 

the  similarity  of  the  corresponding  compounds. 

themselves  are  widely  different. 


THE  CHEMICAL  ELEMENTS 


49 


iv 


Phosphorus  is  known  in  two  different  forms,  which  possess  quite 
different  properties  but  represent  chemically,  both  of  them,  elementary 
phosphorus.  This  is  seen  from  the  fact  that  both  forms,  in  their 
interaction  with  other  substances,  always  give  the  same  compounds  in 
the  same  proportions,  and  each  can  be  converted  into  the  other  without 
residue.  The  difference  between  them  must  be  interpreted  in  some- 
what the  same  way  as  the  difference  between  water  and  ice,  only  that 
in  the  case  of  phosphorus  the  transformation  does  not  take  place  so 
cosily  • 

The  first  form  of  phosphorus  is  a semi-transparent,  faintly  yellowish 
substance  which  has  the  property  of  appearing  luminous  in  moist  aii  , 
it  thereby  evolves  fumes  and  changes  into  an  acid  liquid.  1 his  is  due 
to  the  fact  that  phosphorus,  even  at  the  ordinary  temperature,  com- 
bines with  oxygen ; it  undergoes  slow  combustion.  At  a somewhat 
higher  temperature,  the  slow  combustion  passes  into  rapid  combustion, 
whereby  the  phosphorus  burns  with  a bright,  yellowish-white  flame, 
with  formation  of  white  fumes. 

The  second  form  of  phosphorus  appears  as  a black-red  powder 
which  neither  fumes  nor  appears  luminous  in  the  air,  nor  becomes 
visibly  oxidised.  This  red  phosphorus , also,  takes  fire  much  less  easily 
than  the  first  mentioned  white  phosphorus ; having  once  taken  fire, 
however,  it  burns  in  the  same  way  as  the  white  form. 

Each  variety  can  be  transformed  into  the  other  by  the  action  of 
heat.  The  relations  which  are  here  met  with  will  be  discussed  later 
(Chap.  XV.). 

Only  compounds  of  phosphorus  occur  in  nature.  These  also  play 
an  important  part  in  living  nature.  The  bones  of  the  vertebrate 
animals  contain  compounds  of  phosphorus,  and  serve  as  the  starting- 
point  for  obtaining  the  element. 

Arsenic,  in  its  compounds,  is  closely  allied  to  phosphorus,  and  in 
the  free  state,  also,  has  a certain  similarity  to  it.  It  is  a black  substance 
with  a feeble  metallic  lustre,  and  conducts  electricity  like  a metal. 
On  being  heated,  it  passes  into  a vapour  without  previously  melting ; 
the  vapour,  likewise,  on  cooling,  passes  directly  into  solid  arsenic. 

In  nature,  arsenic  occurs  both  in  the  elementary  state  and  in 
compounds,  especially  with  the  heavy  metals. 

The  most  conspicuous  property  of  arsenic  is  its  great  poisonousness. 
All  compounds  of  this  element  are  more  or  less  poisonous.  Most  of 
the  cases  of  arsenical  poisoning  occur  with  an  oxygen  compound  of 
this  element,  which  is  commonly  called  white  arsenic  or  simply  arsenic ; 
it  is  a white,  almost  tasteless  powder,  slightly  soluble  in  water. 


D.  The  Carbon  Group 

Carbon. — The  peculiarity  which  was  found  in  the  case  of  some  of 
the  preceding  elements,  that  there  exist  different  solid  forms  which 
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yield  exactly  the  same  transformation  products,  is  present  in  a very 
marked  degree  in  the  case  of  carbon,  for  this  element  is  known  in 
three  quite  distinct  forms.  Ordinary  black  charcoal,  the  purest  form 
of  which  is  soot;  graphite,  the  material  of  lead  pencils;  and,  lastly, 
the  diamond,  the  colourless,  strongly  refracting  and  exceedingly  hard 
precious  stone,  all  consist  of  carbon,  and  yield,  in  all  chemical  trans- 
formations, equal  quantities  of  the  same  final  product.  . 

Besides  these  forms  of  elementary  carbon,  which  generally  occur 
in  nature  mixed  with  impurities,  there  are  numerous  compounds  or 
derivatives  of  carbon.  It  is  present  in  enormous  quantities  in  the 
mineral  world  (in  limestone),  and  forms  a never  absent  constituent  of 
all  organisms.  The  different  compounds  of  carbon  occurring  in  the 
animal  and  vegetable  kingdoms  give  rise,  in  chemical  actions,  to 
.numerous  other  compounds.  Above  all  other  elements,  carbon  is 
endowed  with  the  greatest  power  of  forming  different  derivatives,  and 
the  number  of  substances  which  contain  carbon  so  greatly  exceeds  the 
number  of  the  compounds  of  the  other  elements  that  the  chemistry  of 
the  carbon  compounds  forms,  under  the  name  of  organic  chemistry,  a 
special  part,  and,  indeed,  as  regards  the  number  of  known  substances, 

the  larger  part  of  all  chemistry.  , - , i 

These  organic  compounds  consist,  in  the  simplest  cases,  of  carbon  andi 
hydrogen ; to  them  belongs  petroleum,  which  is  a mixture  of  various 
“hydrocarbons  ” of  similar  composition  and  properties.  Oxygen  in 
addition-,  is  contained  in  the  substances  which  are  classed  togethe 
under  the  name  of  the  fats,  and  also  in  the  starch  and  sugar- 
substances  which  occur  to  a specially  large  extent  in  plants 
albuminoids,  of  which  the  muscles  and  the  nerves  are  built  up, 
in  which  the  chemical  processes  of  life  for  the  greater  part  take 
nhee  contain,  besides  the  already-mentioned  elements  nitrogen  and 
generally1  also  sulphur  and  phosphorus.  That  carbon  is  contained  in 
all  these  substances  is  readily  seen  when  they  aie  stro^y  ea  ^ 
The  “ charring  ” which  thereby  takes  place,  consists  essentially  in  the 
other  elements  escaping  as  volatile  compounds,  leaving  behind  the 
portion  of  the  carbon  which  does  not  disappear  with  these  compound,, 

aS  ° Af te^oxy gen , carbon  must  be  designated  as  the  most  important 

AeluL,  is  an  element  which  does  not  occur.in.  ^ 

rn  the  form  of  an  oxygen  compound,  known  as  silicic  ai  , 

Td  of  derivatives'  of  this.  siliin°  is,  however,  one  of  the  most  wtdely 

diS“"ion,  can  be  obtained  in 

powder,  and  as  an  iron-grey  brittle  mass  with  metallic  lustre. 

'^In^ygrXStdicon,  silicic  acid,  institutes,  as  ,uart| 
a large  part  of  the  soil  -and  the  mountains.  Compounds  of  silicic  acid 
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: with  various  metals,  especially  of  the  group  of  light  metals,  compose 
* most  of  the  rocks.  Silicon  is,  therefore,  essentially  the  element  of 
,j  the  solid  crust  of  the  earth. 

Boron  is  an  element  which  does  not  occur  to  a large  extent  in 
jj  nature.  It  is  never  found  free,  but  must  be  prepared  from  its  com- 
3 pounds.  The  properties  of  elementary  boron  are  similar  to  those  of 
d silicon. 

The  most  important  compound  of  boron  is  likewise  that  with 
) oxygen.  This  is  contained  in  borax,  a salt  used  in  the  arts  for  solder- 

; ing  and  for  some  other  purposes,  and  which  is  the  best  known  of  all 

: the  compounds  of  boron. 

E.  The  Argon  Group 

In  atmospheric  air,  there  are  found  in  very  small  quantities  a 
l few  gases  which  have  only  recently  been  discovered,  and  which  are 

ji  distinguished  by  the  peculiarity  that  none  of  them  has  ever  been 

p changed  into  the  compound  state.  They  are  known,  therefore,  only 
in  the  elementary  state. 

The  longest  known  is  argon,  which  is  present  in  the  air  to 
the  extent  of  rather  more  than  j-g-g-th  part  by  weight,  and  remains 
behind  when  the  other  components  have  been  converted  into  stable 
chemical  compounds.  It  is  a colourless  gas,  which,  on  account  of 
its  inability  to  form  chemical  compounds,  is  also  odourless  and  taste- 
less. Its  density  is  greater  than  that  of  air. 

Besides  argon,  a few  other  gases  of  similar  chemical  indifference 
have  been  discovered.  These,  likewise,  occur  in  the  air,  but  in  much 
smaller  quantity ; they  are  also  contained  in  measurable  quantity 
enclosed  in  some  minerals.  They  are  called  Helium,  Neon , Krmton 
and  Xenon. 


The  Light  Metals 

F.  The  Metals  of  the  Alkali  Group 

The  metals  of  this  group  have  many  properties  in  common.  They 
have  a low  density,  some  of  them  lower  than  that  of  water.  Their 
power  of  forming  chemical  compounds  is  very  highly  developed,  so 
that  they  never  occur  free  in  nature,  but  must  first  be  prepared  by 
3nergetic  means  from  their  compounds.  By  reason  of  their  great 
combining  power  they  have  the  property  of  reacting  chemically  with 
aiost  other  substances,  and  can,  therefore,  be  preserved  only  by  observ- 
ng  special  precautions. 

Potassium— Fresh  surfaces  of  this  light  metal  show  a fine  silver 
ustre.  It  readily  melts,  and  is,  even  at  room  temperature,  soft  like 
vax.  At  a red  heat  it  passes  into  vapour. 

In  nature,  only  compounds  of  potassium  occur.  As  the  best  known 
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of  these,  saltpetre  and  potashes  may  be  cited.  The  most  important  is 
carnallite,  which  is  obtained  in  large  quantities  in  some  parts  ofl 
Germany,  apparently  as  the  residue  left  on  the  evaporation  of  a I 
previously  existent  sea.  Plants  require  potassium  compounds  fori 
their  growth,  and  where  these  are  not  present  m the  soil  they  are  • 
added  » manure  in  the  form  of  carnallite,  or  of  the  compound  pre| 
nared  from  it  and  richer  in  potassium,  potassium  chloride. 

Potassium  compounds  of  all  lends  play  an  important . part  ml 
the  arts  and  manufactures.  Potassium  is  also  of  importance  e 

organism  of  man  and  the  animals;  it  forms  an  essential  component 

0t  * Th^elements  rubidium  and  caesium  are  allied  to  potassium.  Their  j 
nrooerties  are  almost  identical  with  those  of  potassium,  both  as 
elements  and  in  compounds.  In  contrast  with  potassium,  howeiei, 
thpv  occur  in  verv  small  amount  in  nature.  . 

Sodium,  is,  in  its  properties,  very  similar  to  Its  “he 

pounds  are  likewise  found  in  enormous  quantities  in  nature, 
best  known  and  most  important  of  these  is  common  silt  (p.  ), 

co nsiS  of  sodium  and  chlorine.  It  serves  as  starting-point  for  he 
preparation  of  most  of  the  other  sodium  compounds,  as  also  of  the 
chlorine  compounds.  Soda  and  OUMs  call  are  also  compounds  of 

'“"Siam  is  a rare  element,  which,  in  to  properties  and  compo^d 

am-ees  least  with  the  other  elements  of  this  group.  It  finds  g 
© 

application. 


G.  The  Alkaline  Earth  Metals 


The  elements  of  this  group  share  mem|s.the 

property  rf cannot  be  exposed  to  the  air  with- 

5^5 

a dry  state  remain  unchanged  m the  am  ^ ^ ^ th<J  ^ 

tenacious  and  more  difficult  0haracter  of  the  ordinary 

metals ; they  have,  therefore,  more  the  cha.actei 

metals.  . .1  omewhat  of  the  colour  of  tin,  which  i 

MugMsmm  is  a > white ■ metal  temperature  is  low.  On 

Sr^if^tr^hiirn®  with  a brilliant  light,  forming. 
an  °oS"7magnesmm  occur  very  largdy  m %£'. 

all  rocks  which  contain  si  icic  acK^  a are  ais0  other  minerals 

form  of  a compound  wi  1 sue  L ‘ Hf  eral  magnesium  compounds 

■SCSSZXS.  rn r » ■■ 

compound  of  the  metal,  and  Epsom  salts. 
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Metallic  magnesium  does  not  occur  in  nature  any  more  than  any 
i of  the  other  light  metals. 

Calcium  in  the  free  state  is  little  known.  Compounds  of  this 
g element  occur  in  nature  in  large  quantities,  and  have  an  essential 
& share  in  the  building  up  of  the  earth’s  crust. 

Of  such  compounds  there  should  be  mentioned  limestone  and 
I dolomite;  the  latter  contains  magnesium  as  well  as  calcium. 

Marble,  the  use  of  which  is  known,  is  a specially  pure  form  of 
s\  limestone.  From  limestone  mortar  is  prepared.  Gypsum,  also,  and 
cement,  which  find  a similar  application  to  mortar,  contain  calcium. 
The  calcium  compounds  are  largely  applied  in  the  manufactures. 

Strontium  and  barium  are  two  elements  which,  in  their  whole 
behaviour,  are  closely  allied  to  calcium.  Their  compounds,  however, 
occur  in  much  smaller  quantity,  although  they  cannot  actually  be 
designated  as  rare. 

Lastly,  beryllium  must  be  mentioned  as  an  element  belonging  to 
this  group.  It  has  the  same  relation  to  the  other  members  as  lithium 
has  to  the  other  alkali  metals,  i.e.  it  shows  less  similarity  to  the  other 
members  than  these  to  one  another.  It  is  a rare  element,  deriving  its 
: name  from  its  occurrence  in  the  mineral  beryl. 

H.  The  Earth  Metals 


The  elements  of  this  group  have  the  character  of  the  ordinary 
metals  in  a much  more  pronounced  manner  than  those  of  the  pre- 
ceding groups.  Of  the  large  number  of  metals  which  could  be 
mentioned  here,  only  one,  aluminium,  can  claim  our  attention,  since  the 
compounds  of  the  others  occur  so  rarely  in  nature  that  they  play  no 
important  part,  either  with  regard  to  the  composition  of  the  solid 
crust  of  the  earth,  or  through  application  in  the  arts  or  in  medicine. 

Aluminium,  which  does  not  occur  free  in  nature,  is,  in  its  oxygen 
compound  and  derivatives  of  it,  widely  distributed,  and  is,  after 
oxygen  and  silicon,  the  third  most  frequent  element  in  the  earth’s 
crust.  It  is  an  almost  unfailing  constituent  of  the  rocks  which  con- 
tain silicic  acid.  When  these  undergo  mechanical  and  chemical 
disintegration  under  the  action  of  moisture  and  other  atmospheric 
influences,  clay  separates  out,  which  is  a compound  containing  silicon 
and  aluminium  along  with  oxygen,  and  which,  in  different  forms,  is  a 
chief  constituent  of  the  sedimentary  or  stratified  rocks.  The  technical 
application  of  clay  to  the  making  of  bricks,  vessels,  and  modelled 
objects  of  all  kinds  is  also  very  important. 

1 01  some  years  the  metal  aluminium  has  been  prepared  in  large 
quantities  from  its  compounds  with  the  aid  of  the  electric  current.  It 
is,  as  is  known,  a white,  light  metal  which  keeps  well  in  dry  air  but  is 
readily  attacked  in  water,  especially  in  salt  water. 

The  remaining  very  rare  alkaline  earth  metals  we  shall  not 
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describe  here.  The  best  known  are  scandium,  yttrium,  lanthanum, 
cerium,  neodymium,  praseodymium,  n 


m. 


The  Heavy  Metals 


I.  Metals  oe  the  Iron  Group 


Iron  is  an  element  the  properties  of  which,  on  account  of  its 
universal  use,  are  well  known.  It  is  a hard,  difficu  t y usi  e me  a 
which  remains  unchanged  in  perfectly  dry  air  but  in  moist  air  and. 
under  the  influence  of  various  substances,  very  quickly  rusts,  i.e. 

forms  a compound  with  the  oxygen  of  the  air. 

The  somewhat  different  properties  which  iron  exhibits  as  cast, 
iron  wrought-iron,  and  steel,  are  due  to  the  presence  of  smal  amounts 
of  other  substances,  of  which  carbon  plays  the  most  important  part 
The  properties  of  pure  iron  agree  most  nearly  with  those  of  wrought 
and  bigot  iron,  which  are  the  purest  commercial  kinds  of  non  _ 

an<^  In^nature,  the  occurrence  of  iron  in  the  » ~ 

centional  • its  compounds,  however,  are  universally  distributed  and 
occur  in  large  quantities.  On  the  whole,  iron  occurs  less  frequently 
than  aluminiumbut  more  frequently  than  calcium  apd  magnesium.  ^ 
Although  iron  compounds  are  present  only  m sma  c . 

animal  and  vegetable  organism,  they  appear,  nevertheless  O PJJ 
very  important  part,  since  red  Wood  corpuscles  of  * * 

animals,  as  well  as  the  green  substance  of  assrmdat.ng  plants, 

^Allied  to  iron  are  the  nearly  related  elements  manganese,  cobalt  ■ 
and^S.  V£ey  all  belong  to  the  less  frequent,  although  not  rare, 

ele”j Tamrme  in  the  metallic  state,  greatly  resembles  iron,  only  that 
ft  rufSnSmore  easily  than  the  latter « 

a blaclt-brown  oxygen  compound.  In  the  meU  l.c  state  urn  ^ 

used.  Its  compound  with  oxygen  pyi°>  ' has  a' varied  and 
employed  for  the  production  of  a colour  foi  potte  3 , 

important  application  in  the  arts.  ^ registant  than  ir0n  and 

Cohalt  is,  even  in  m ’ metal  Its  most  remark- 

and  potteiy.  . , • cobalt  and  is,  there- 

Nickel  is  still  less  changeable  in  the  air  than  co^  ^ 

Object^made  ^3 
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fairly  hard  and  tenacious.  In  this  fact  lies  the  importance  of  this 
element  as  regards  its  applications.  Nickel  compounds  are  of  no  great 
i importance. 

Nickel  mixed  with  copper  and  zinc  forms  German  silver. 

Chromium  is  a metal  very  similar  to  iron,  only  harder  and  more 
brittle,  which  remains  quite  unchanged  in  the  air  but  is  easily  attacked 
by  a number  of  liquids.  The  pure  metal  has  no  application  ; addition 
i of  chromium  to  steel  improves  the  steel. 

In  nature  it  occurs  chiefly  in  the  form  of  an  oxygen  compound 
which  also  contains  iron,  and  is  called  chrome  ironstone. 

It  forms  various  compounds,  of  which  chromic  acid  and  potassium 
chromate  have  a varied  application  in  the  arts.  The  artists’  colours 
also,  chrome  yellow  and  chrome  red,  arc  derivatives  of  chromic 
acid. 

Allied  to  chromium  in  their  chemical  relations  are  several  metallic 
! elements  of  rare  occurrence  and  possessing  no  great  importance ; it 
will  be  sufficient  at  this  point  to  give  their  names.  They  are  molyb- 
l>  denum , tungsten,  uranium. 

The  two  metals  zinc  and  cadmium  are,  in  many  respects,  related 
to  the  metals  of  the  iron  group,  but  show,  on  the  other  hand,  a certain 
similarity  to  magnesium. 

Zinc  is  a well-known  grey-white  metal,  rather  more  resistant  to 
the  air  than  iron,  but  inferior  to  this  in  difficult  fusibility  and 
mechanical  tenacity.  As  it  can  be  readily  rolled  to  sheets  and 
soldered,  it  is  applied  for  all  purposes  for  which  a not  very  tough  metal, 
but  one  which  is  fairly  resistant  to  water,  can  be  used  in  sheet  form. 

In  nature,  zinc  occurs  only  in  the  form  of  compounds,  of  which 
that  with  sulphur,  called  zinc  blende,  is  the  most  important. 

Cadmium  is  a metal  which  is  very  similar  to  zinc,  only  softer  and 
more  easily  fusible,  and  which  occurs  in  small  amount  along  with  zinc 
in  its  naturally  occurring  compounds  or  ores.  The  artists’  colour, 
cadmium  yellow  or,  shortly,  cadmium,  is  the  sulphur  compound  of  the 
metal. 

J.  Metals  of  the  Copper  Group 


The  metals  here  grouped  together  are  distinguished  from  the 
preceding  ones  by  a greater  resistance  to  the  chemical  influences  of 
air  and  water.  This  is,  certainly,  no  perfectly  universal  characteristic, 
tor  while  some  of  the  members  of  this  group  belong  to  the  noble 

' ^ S v0*1’  Under  ordinar}r  circumstances,  do  not  change  at  all 
others  become  more  or  less  quickly  coated  in  moist  air  with  layers  of 
oxygen  compounds  which  destroy  their  metallic  lustre.  The  action  is 
owever,  usually  restricted  to  the  surface,  so  that,  after  all,  a fairly 

iieat  durability  with  respect  to  the  destructive  chemical  influences  is 
pi  esent. 

Connected  directly  with  this  property  is  the  fact  that  these  metals 
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can  be  more  readily  obtained  from  their  naturally  occurring  compounds 
or  ores,  than  those  previously  mentioned,  and  also  that  they  are  oftej 
found  in  the  free  state.  In  this  and  the  next  group  therefore,  he 
metals  first  met  with  in  the  history  of  the  arts  are  found,  and  ^ 
loot-d  mentioned  in  the  oldest  literary  monuments  . and  usually 
rendered  in  English  by  “bronze,”  is  a mixture,  the  chief  constituent 
of  which  is  copper,  the  typical  element  of  this  group.  h 

Covver  is  a metal  which  has  been  long  known  and  whose  red  colour 
is  found  in  no  other  metal.  The  true  colour  of  copper  is  seen  only  on 
fresh  surfaces,  since  it  quickly  tarnishes  in  the  air,  and 
with  a coating  of  oxygen  and  sulphur  compounds  which,  hove^er,  is 
thin  aS» tUins^  no  great  thickness  even  after  many  years. 

Copper  is  an  excellent  conductor  of  electricity  and  is,  therefore 
used  for  all  kinds  of  electric  conductors.  Its  chemical  resistibility, 
condiined  with  its  toughness  and  high  melting  point,  give  it  a wider 

copper  is  not  of  rare  occurence ; of W 
frequent  occurrence,  however,  are  its  compounds  with  sulphur  and 

OXS'ofn  the  better-known  compounds  of  copper,  copper  vitriol,  a blue,  . 

Cry’ STs' f frey'Jsoft Za^/high  density  and  low  melting-point,  j 
Its  frel  surface"’  exhibit  a high  metallic  lustre;  tey  tanndi 
' however,  very  readily 

coating  remains  ^ X*.  with  respect  to 

‘ryXa^kHo  that  it*  is  indispensable  in  chemical  manufactories 
in  which  corrosive  substances  are  prepaiec . 

■^sswrs 

at  - 39°  C.  and  boils  at  + 357  G.  ^ .g  it  does  not  corn- 
el temperature,  however,  combina- 

tion takes  place  (p.  39). 
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Being  the  only  metal  which  is  liquid  at  ordinary  temperatures,  it 
is  widely  employed  for  physical  apparatus,  such  as  thermometers  and 
barometers,  and  for  other  purposes  in  technical  science.  Its  utility  is 
greatly  enhanced  by  its  unchangeableness  in  air  ; its  high  density,  also, 
is  useful  for  some  purposes. 

In  nature  it  occurs  in  the  free  state,  but  chiefly  as  a sulphur  com- 
pound. This  is  called  cinnabar  ; the  artists’  colour  of  the  same  name  1 
is  specially  pure  sulphide  of  mercury,  which  is  usually  artificially  pre- 
pared. 

The  soluble  mercury  compounds  act  as  powerful  poisons ; they 
have  a wide  application  in  medicine. 

Silver  is  a white  metal  which  remains  unchanged  in  moist  air.  The 
brownish  stain  which  silver  objects  sometimes  exhibit  is  due  to  the 
formation  of  a silver  compound  through  the  action  of  air  containing 
sulphur,  or  of  other  sulphurous  substances. 

On  account  of  its  comparatively  rare  occurrence,  silver  belongs  to 
the  more  precious  metals ; on  this  and  on  its  unchangeableness  in  air, 
depends  its  widespread  employment  as  a metal  for  coinage. 

In  nature,  silver  occurs  partly  in  the  metallic  state  and  partly  as 
compounds  with  sulphur  and  arsenic. 

Silver  compounds  are  largely  applied  in  photography,  since  many 
of  them  have  the  property  of  altering  in  light,  and  may,  therefore,  be 
used  for  the  production  of  photographs.  For  this  purpose,  the  com- 
pounds with  the  halogens,  chlorine,  bromine,  and  iodine  are  chiefly 
used. 

Silver  compounds  are  poisons  for  the  organism.  Lunar  caustic  is  a 
soluble  salt,  the  cauterising  action  of  which  is  made  use  of  in  medicine. 
The  turning  black  of  the  parts  treated  with  caustic,  depends  on  the 
alteration  in  light  of  the  silver  compounds  produced.  In  the  labora- 
tory the  solution  is  used  as  a reagent  for  the  halogens. 

K.  The  other  Metals 

The  somewhat  unsj^stematic  classing  together  into  one  group  of 
the  metals  not  treated  in  the  preceding  groups,  is,  for  the  purpose  of  a 
first  general  view,  justified  by  the  fact  that  the  number  of  more 
important  and  better  known  metals  which  have  to  be  considered  here 
is  not  large.  A more  detailed  classification  depending  on  the  chemical 
relations,  will  be  given  towards  the  end  of  the  work. 

These  last  metals  fall  into  two  natural  sub-groups,  the  one  of 
which  comprises  the  base  metals,  i.e.  metals  which  undergo  chemical 
change  in  air,  the  other,  the  noble  metals.  To  the  former  belong 
antimony,  bismuth,  and  tin , and  to  the  latter  gold,  platinum,  and  the 
allied  metals.  To  the  former  sub-group  several  other  metals  must  also 
be  added,  which,  on  account  of  their  rarity  and  small  importance, 

1 The  pigment  is  also  called  vermilion  in  English. — Tr. 
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do  not  call  for  a description  at  this  point,  which,  however,  we  shall 
mention  for  the  sake  of  completeness. 

Antimony  is  a white,  brittle  metal,  which  melts  at  a red  heat  and  ^ 
remains  practically  unchanged  in  air.  When  heated,  it  bui  ns  fairly  ^ 
readily,  forming  an  oxygen  compound  which  is  yellow  when  hot,  white 

when  cold.  j 

In  nature,  it  occurs  chiefly  in  the  form  of  a sulphur  compound 
which  is  of  a grey  colour,  has  a metallic  lustre,  and  is  known  as 

antimony  glance.  . . * . 

Pure  metallic  antimony  is  not  applied  technically.  Mixed  with 

lead,  it  gives  hard  lead  (p.  56)  and  type  metal. 

Various  antimony  compounds  are  used  in  medicine  on  account  of 
their  emetic  action.  The  best  known  is  tartar  emetic,  a salt  of  complex 
composition. 

By  reason  of  its  general  chemical  relations,  antimony  should  ha\  e 
been  classed  along  with  arsenic,  to  which  it  is  in  many  respects 
closely  related.  The  metallic  nature,  however,  is  so  pronounced  m 
the  case  of  antimony  and  of  bismuth,  which  is  allied  to  antimony,  that 
it  appeared  more  suitable  to  group  both  together  at  this  point. 

Bismuth  is  a white,  slightly  reddish  coloured,  brittle  metal,  which, 
like  antimony,  remains  lustrous  under  ordinary  conditions  and  com- 
bines with  the  oxygen  of  the  air  only  at  comparatively  high  tempera- 
tures. It  is  fairly  readily  fusible.  . . , . 

In  nature,  bismuth  occurs  in  the  metallic  state ; it  is  also  found  in 

union  with  sulphur.  . ...  . 

Bismuth  finds  application  in  the  form  of  various  metallic  mixtures 

or  alloys;  some  of  its  compounds  are  also  used  for  medicinal 

PlU  Several  rare  metals,  which  can  only  be  named  here,  have  to  be 
classed  along  with  antimony  and  bismuth.  _ These  are  vanadium 
niobium,  tantalum.  The  somewhat  more  distantly  related  metals 
gallium  and  indium,  may  also  be  mentioned  here. 

Tin  is  a metal  known  from  ancient  times.  It  has  a white  co  , 
a fairly  high  degree  of  stability  to  water  and  air,  and  is  readily 

f ible 

US1It6'is  found  in  nature  almost  entirely  in  the  form  of  an  oxygen 
compound,  tinstone,  from  which  it  can  be _ readily  obtained  by  fusion 
with  charcoal.  The  ease  with  which  it  is  obtained,  explains  why 

became  known  so  early.  , . „ r „foilouc. 

Tin  is  applied  in  the  metallic  state  to  the  manufacture  of  utensils, 

tubes,  etc.,  where  its  unalterably,  especially  ii » 7^“  t 

Other  metals,  such  as  iron  and  copper,  are  coated  with  tin  to  plot 
them  from  the  formation  of  their  oxygen  compounds  In  tEe  forme 
case  it  is  done  for  the  sake  of  durability,  in  the  latter,  to  pievent 
the  formation  of  poisonous  compounds  (for  examp  e,  m u c 
utensils). 
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Tin  is  also  used  for  many  alloys ; it  is  employed,  mixed  with 
mercury  as  tin  amalgam,  for  coating  mirrors. 

Compounds  of  tin  are  chiefly  used  in  dye-works  and  in  chemical 
industries. 

Allied  to  tin  are  several  rather  rare  metals,  which  we  shall  mention 
here.  They  are  titanium,  germanium,  zirconium,  thorium.  The  oxide  of 
the  last  forms  the  chief  constituent  of  incandescent  mantles. 

Gold  is  a yellow,  heavy  metal,  which  does  not  alter  in  air,  either 
when  cold  or  when  heated,  and  remains  stable,  also,  to  other  chemical 
influences.  It  is  re-obtained  from  its  compounds  by  simply  heating 
these,  provided  that  the  other  constituents  can  volatilise.  It  may, 
therefore,  be  regarded  as  the  type  of  the  noble  metals,  i.e.  metals  not 
inclined  to  form  chemical  compounds. 

Gold,  accordingly,  occurs  in  nature  almost  entirely  in  the  metallic 
state,  sometimes  mixed  or  alloyed  with  other  noble  metals,  especially 
I silver. 

The  use  of  gold  for  ornaments  and  coinage  is  known.  On  account 
: of  its  scarce  occurrence,  it  has  a high  value ; on  account  of  its  un- 
3 alterability,  it  is  suitable  for  money  tokens. 

Compounds  of  gold  are  obtained  most  readily  by  the  aid  of 
chlorine.  They  have  no  extended  application. 

Platinum  is  a grey,  very  difficultly  fusible  metal,  which  is  similar 
to  gold  with  respect  to  its  combining  power.  It  is  used,  therefore,  in 
i making  chemical  apparatus  which  have  to  resist  high  temperature  and 
: strong  chemical  influences.  This  property  is  made  use  of  not  only  in 
the  laboratory  but  also  in  the  industries. 

In  nature,  it  occurs  in  the  metallic  state  mixed  with  other  metals 
which  have  similar  properties.  -Since  these,  however,  are  still  rarer 
than  platinum,  their  application  is  exceptional.  They  are  called 
ruthenium,  rhodium,  palladium,  osmium,  and  iridium. 

Historical. — The  conception  of  an  element  is  found  as  far  back  as 
Greek  philosophy,  although  in  an  essentially  different  form  and  not  in 
agreement  with  the  facts.  The  most  widespread  view  was  that 
of  Aristotle  of  the  four  elements,  fire,  air,  water,  and  earth.  The 
conception  of  these  elements  was  not  that  all  substances  are  composed 
of  them,  but  rather  that  these  were  the  representatives  of  the  funda- 
mental properties,  which  he  had  chosen  as  being  moisture,  dryness, 
heat,  and  cold. 


During  the  slow  development  of  chemical  knowledge  in  the  middle 

■ aSes>  ^ was  seen  that  these  properties  had  been  very  unsuitably 
! chosen,  and  that  there  were  other  properties  which  were  much  more 

■ closely  connected  with  the  general  behaviour  of  substances.  Repre- 
j sentatives  of  these  properties  were,  therefore,  looked  for.  Thus,  the 

■ metallic  properties  were  symbolised  by  mercury,  combustibility  by  sulphur 
Uotmhty  in  water  and  the  power  of  acting  on  the  organ  of  taste  by 

Sa  ’ anc  > astly>  stability  to  the  action  of  water  and  fire  by  earth ; these 
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four  substances  were  accordingly  regarded  as  the  elements.  the 
formation  of  this  conception  also,  is  based  on  the  view  that  the 
properties  of  indifferent  “ matter  ” represented  by  these  elements  could 
be,  by  suitable  actions,  withdrawn  or  communicated  at  will.  The 
endeavour  to  artificially  bestow  the  properties  of  the  most  valuable  of 
all  metals,  gold,  on  metals  of  less  value,  and  thus  to  make  gold,  was, 
accordingly,  closely  connected  with  these  theoretical  views. 

Just  as  the  negative  results  of  all  attempts  to  construct  a perpetuum 
mobile  led  to  the  positive  law  of  the  conservation  of  energy,  the 
negative  results  of  the  attempts  to  make  gold  have  led  to  the  positive 
law  that  the  elements  can  be  prepared  only  from  their  compounds, 
and  never  from  other  elements  or  their  compounds,  where  the  element 
in  question  is  excluded.  In  other  words,  there  also  holds  a tew  of  • 
conservation  of  the  elements,  to  the  effect  that,  by  means  of  any  chemical 
process  carried  out  with  definite  amounts  of  definite  elements,  only 
these  elements,  in  the  original  amount  (or  compounds  of  them  in 
corresponding  amount),  can  be  re-obtained,  but  never  other  elements. 

This  law  was  not  recognised  at  one  definite  time  by  one  pai  ticular 
investigator,  but  has  gradually  been  obtained  as  the  result  of  genera 
experience.  It  has  arisen  in  connection  with  the  development  of  the 
conception  of  an  element  as  a ponderable  constituent  of  substances  (m 
the  sense  set  forth  on  p.  43).  Whereas  the  elements  of  antiquity 
and  the  middle  ages  were,  essentially,  the  bearers  of  certain  properties 
the  elements  of  the  present  day  are  the  ultimate  constituents  i 
chemical  analysis.  The  English  chemist  and  physicist  Robert*  BoHe 
(c.  1660),  did  substantial  work  towards  the  carrying  through  of  t 

C0H  The°work  of  characterising  and  of  distinguishing  between  the 
different  elements  has  been  performed  chiefly  in  the  eighteenth  and 
nineteenth  centuries.  At  the  beginning  of  the  latter  especiMly,  the 
English  scientist  Humphry  Davy  discovered  the  light  metals  the 
oxides  of  which  had  formerly  been  regarded  as  elements  from  the  fact 
that  it  was  not  known  how  to  decompose  them,  and  established 

the  elementary  nature  of  the  halogens.  > 

A very  productive  method  for  the  discovery  of  new  elements  was 

found  about  the  middle  of  the  nineteenth  century  by  the  Gemmn 
chemist  Robert  Bunsen,  who  showed  how  the  elements  present  couM 

analysis. 
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General. — With  this  chapter  we  commence  the  more  detailed  study 
of  the  separate  elements  and  of  their  compounds  with  one  another. 
In  general,  the  arrangement  will  be  such  that  in  the  case  of  each 
element  its  compounds  with  the  elements  previously  discussed  will  be 
treated. 

Along  with  the  description  of  the  nature  of  the  substances  the 
general  laws  of  chemistry  will  be  treated,  and  this  will  be  done  in 
such  a way  that  each  law  will  be  discussed  at  the  point  where  it  first 
finds  application.  The  attempt  has  been  made  to  so  arrange  the 
whole  subject-matter  that  both  these  tasks  shall  be  performed  without 
the  one  or  the  other  thereby  suffering. 

In  this  treatment,  also,  laws  and  relations  are  considered  which 
are  usually  discussed  in  physics.  The  reason  of  this  is  that  a know- 
ledge of  these  laws  is  of  the  greatest  importance  for  the  correct 
interpretation  of  chemical  phenomena,  and  these  things  must,  there- 
fore, be  given  in  such  a form  that  the  chemist  can  directly  apply 
them. 

Oxygen. — The  discussions  relating  to  the  phenomena  of  combus- 
tion had  led  to  a preliminary  knowledge  of  oxygen  as  being  an 
element  playing  an  essential  part  in  these  phenomena  (p.  36).  The 
substance  itself  was  characterised  only  so  far  as  was  necessary  for  the 
immediate  purpose.  We  have  here,  now,  the  further  task  of  develop- 
ing the  general  knowledge  of  this  substance  beyond  that  single 
relation. 

Production  from  Potassium  Chlorate.— The  preparation  of 
oxygen  from  oxide  of  mercury  was,  as  we  saw,  a process  which 
required  a fairly  high  temperature  and  at  the  same  time,  took  place 
slowly.  It  is,  therefore,  desirable,  if  one  would  become  more  closely 
acquainted  with  the  properties  of  oxygen,  to  possess  a more  richly 
flowing  source  of  it.  It  is  true  that  in  the  air  there  are  enormous 
quantities  of  oxygen  present ; it  is,  however,  not  easy  to  free  it  from 
tlie  other  substances  with  which  it  is  mixed. 
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In  the  substance  known  as  potassium  chlorate  or  chlorate  of  potash,  M 
which  is  used  as  a medicament  and  for  the  preparation  of  fire-works,  * 
inflammable  material,  and  many  other  things,  we  have  the  sought-foi 

source  of  pure  oxygen.  . . . , . , , ‘ 

By  the  same  means  by  which  we  obtained  it  from  oxide  of  S 

mercury,  viz.,  by  heating,  oxygen-may  also  be  obtained  from  potassium 
chlorate,  and  this  in  a much  larger  proportion  and  at  a lower! 
temperature.  The  evolution  of  oxygen  takes  place  with  especial J 
readiness  when  the  potassium  chlorate  is  mixed  with  certain  other 
substances ; for  this  purpose  the  already  mentioned  mineral  pyrolusite 
(p  54)  is  very  effective.  This  substance  undergoes  no  change  in 


the  reaction.1  The  reason  for  its  action  will  he  given  at  a later 

POiH(C„^;  aXmixture  of  potassium  chlorate  with  one -fourth  of  its 
weio-ht  of  pyrolusite  be  heated  in  a thm  glass  flask  furnished  with  a 
delivery  tube  we  soon  observe  the  evolution  of  a gas,  and  this  occurs 
1 rSly  tLat  the  flame  must  be  removed  from  ttme  to  tmre  m orde 
that  the  flask  may  not  he  burst  by  the  pressure  of  the ^toc .tap  J 

nurse, ves  that  i ZZtT oxfgen  by  the 

bursting  Tnto^flame  of  a glowing  chip  of  wood,  which  we  brought 

. Pyrolusite,  certainly,  evolve,  oxygen  on  being  heated,  but  non.  «.  the  temper,..* 
at  which  potassium  chlorate  is  decomposed. 
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into  contact  with  the  gas.  We  repeat  the  experiment  with  the  gas 
obtained  from  potassium  chlorate  and  observe  the  same  phenomenon. 
A glowing  wood-chip  is  a reagent  for  oxygen,  and  the  reaction  consists 
in  its  inflaming. 

Explanation  of  the  Oxygen  Reaction. — Since  the  combustion 
of  wood  in  air  takes  place  at  the  cost  of  the  oxygen  therein  contained, 
the  question  must  be  asked  why  the  phenomenon  has  such  an  essen- 
tially different  aspect  in  pure  oxygen  from  that  in  air.  The  answer 
is  as  follows  : — 

When  the  wood  burns,  a certain  amount  of  heat  is  produced, 
which  serves  to  heat  the  gaseous  products  of  combustion,  and  the 
higher  the  temperature  thereby  rises,  the  brighter  will  be  the  light 
emitted  and  the  more  rapid  will  be  the  combustion.  When,  now, 
the  combustion  takes  place  in  air,  not  only  must  the  products  of 
combustion  be  raised  in  temperature  by  the  heat  produced,  but  also 
the  nitrogen  which  is  contained  along  with  the  oxygen,  in  four  times  its 
amount,  in  the  air.  On  account  of  the  much  greater  amount  of  sub- 
stance to  be  heated,  the  temperature  does  not  rise  so  high  in  the  case 
of  combustions  in  air  as  in  pure  oxygen,  and,  therefore,  the  phenomena 
of  combustion  are  much  less  energetic. 

This  result  of  our  consideration,  obtained  deductively  (p.  40),  can 
be  tested  by  mixing  pure  oxygen  with  other  gases  which  neither  are 
combustible  nor  support  combustion;  as  a matter  of  fact,  the  vigorous- 
ness of  the  combustion  becomes  less  in  such  a mixture,  and  if  the 
proportion  of  oxygen  in  it  is  very  small,  no  combustion  at  all  can  be 
brought  about  in  it. 

Combustion  of  other  Substances.— It  follows  from  the  explana- 
tion just  given  that  other  substances  also,  which  burn  in  air,  will 
exhibit  the  phenomena  of  combustion  much  more  vigorously  in  oxygen. 
And  still  further,  one  must  expect  that  substances  can  exist  which 
cannot  be  made  to  burn  vigorously  in  air,  because  the  requisite 
temperature  is  not  reached,  but  which  can  burn  vigorously  in  oxygen. 
Experience  confirms  both  conclusions. 

The  first  phenomenon  is  seen  in  the  case  of  sulphur  and  phos- 
phorus. . Sulphur  burns  in  air  with  a pale  blue  flame,  scarcely  visible 
in  daylight.  If,  however,  the  burning  sulphur  be  introduced  on  a 
ong-stemmed  iron  spoon  into  a bottle  of  oxygen,  it  flares  up  vigor- 
ously and  rapidly  burns  with  a bright  blue  flame. 

The  difference  is  seen  still  more  clearly  with  phosphorus.  A piece 
°.  P losphorus  placed  in  a similar  spoon  and  ignited,  burns  in  the  air 
with  a yellowish -white  flame,  similar  to  that  of  a candle.  If  the 

spoon  be  lowered  into  oxygen,  the  bottle  forthwith  becomes  filled 
with  a sun-bright  light. 

Combustion  of  Iron. — A substance  which  cannot  be  easily  made 

° ? .WWl\  )Vhen  a Piece  of  iron>  a watch-spring  for 

example,  is  heated  in  air,  it  certainly  combines  with  the  oxygen?  and 


64 


PRINCIPLES  OF  INORGANIC  CHEMISTRY  chap. 


the  compound  produced  coats  the  iron  as  a grey,  brittle  mass  which  j 
breaks  oft-  on  bending  the  iron.  It  does  not  however,  continue  | 
burning,  and  it  is  only  when  small  particles  of  iron  are  scattered 
in  the  Hame  that  they  can  be  heated  so  as  to  burn  entaie  y (v-  ,‘  j 

The  combustion  of  iron  in  oxygen,  however,  takes  pGce  muc  i 
more  readily.  A thin  steel  watch-spring,  to  the  end  of  which 
attached  a piece  of  touch-wood  or  tinder,  can  be  burned  in  oxygen 
like  wood.  First,  the  glowing  tinder  bursts  into  f me, 

wtiprpbv  the  end  of  the  watch-spring  becomes  white-hot,  then  the 
S Wins  to  burn  with  scintillations,  and  the  product  of  combust.™ 
falls  down  from  time  to  time  in  the  form  of  a white-hot  slag,  To 
prevent"this  cracking  the  glass,  it  is  well  to  fill  the  bottle  one-th,rd 

tUU  Oxides-Almost  all  the  chemical  elements  are  capable  of  entering 

its  compounds  with  other  elements  (and  also  with  some 
compound  substances)  are  called  Th^xrde  of  mercm,  £ . 

" t?e 

natuie,.  - yg  ..tmnsnberic  air  which  surrounds  the  whole 

and  P—  s into  all  its  inte.-st.ces,  it  follows 
hat  Ze  substances  which  can  form  compounds  with  oxygen  £ h - 

- wide 

diStlc^tiECtCstenceeofCComblt^iUen®p|®iaI1?es,  Combustible  sub- 
stances, ie.  substances  capable  of  combmmy  ith 

theless,  present  in  largo  amount  mjat, >r^  ^ wd  up  long  1R0. 
and  the  question  anses,  y ' lie  exposed  to  the  air  for 

Thus  a piece  “"cenSs,^ undergoing  com- 
rarion01  That  this  may  take  place,  the  sulphur  must  be  ignited,  and 

we  have  to  ask  what  fresh  j „ f rim  raCtaribklwdy  to  a 

Igniting  consists  in  heating  0 P ^00°  to  600°)  It 

comparatively  high  temperature  effected ; the'  rem- 
it ^ »f  -pottwe.  The 

to  bnrm 

-;b-ttd’6  «r;^r^ese  ^ ^ so - 

process  goes  on  till  a11  mTthe  burning  portions  are  distinguished 
The  only  point  m win  tcmnerature.  It  seems  as 

from  those  which  are  of  combining  with  oxygen  only  at 

comparatively  high  temperatures.  This  view  would,  hoveia,  no  ^ 
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quite  a correct  one.  On  making  the  appropriate  investigation,  no 
temperature  can  be  found  at  which  combustion  just  begins,  and  such 
: that  below  this  point,  no  combustion  takes  place  at  all.  On  the 
contrary,  we  are  dealing  here  with  a gradual  transition. 

Combustible  substances,  therefore,  combine  with  oxygen  at  all 
temperatures,  but  with  very  different  velocities.  The  higher  the 
temperature,  the  more  rapid  is  the  combination ; on  the  other  hand, 
as  the  temperature  falls,  the  process  becomes  slower  and  soon 
diminishes  so  as  to  be  inappreciable. 

* Slow  Combustion. — A body  can,  accordingly,  begin  to  com- 
bine with  oxygen  at  certain  middle  temperatures,  without  taking  fire. 
Ignition  occurs  only  when  the  heat  developed  in  the  combustion 
raises  the  adjacent  portions  of  the  body  to  such  a high  temperature 
that  these  also  burn  with  sufficient  rapidity.  The  temperature  which 
these  adjacent  parts  attain,  depends,  on  the  one  hand,  on  the  amount 
of  heat  conveyed  to  them  by  the  combustion,  and,  on  the  other  hand, 
on  the  amount  of  heat  which  they  lose  by  conduction  and  radiation. 
i Not  until  the  former  exceeds  the  latter  sufficiently  to  maintain  the 
it  temperature  of  rapid  combustion,  can  this  rapid  combustion  take  place. 
From  this  it  follows  that  ignition  or  the  initiation  of  an  independent 
combustion,  depends  quite  as  much  on  the  form  and  distribution  of 
the  substances  as  on  their  nature,  as  our  every-day  experience  with 
regard  to  the  ignition  of  combustible  substances  teaches  us. 

Influence  of  Temperature  on  the  Velocity. — The  law  that  the 
velocity  of  chemical  processes,  i.e.  the  ratio  of  the  amount  transformed 
to  the  time  required,  rapidly  increases  with  rising  temperature,  is  quite 
universal,  and  is  valid  for  chemical  processes  of  all  kinds.  We  have, 
in  general,  no  ground  for  supposing  that  any  chemical  process  which 
takes  place  at  a higher  temperature,  cannot  take  place  at  a lower.  If 
we  do  not  note  any  transformation,  that  is  merely  because  it  takes 
place  too  slowly  for  our  observation. 

The  stock  of  coal  in  the  cellar  burns  while  it  is  stored  in  the  cellar  ' 
just  as  when  it  is  in  the  fire ; only,  in  the  former  case,  with  so  great 
slowness  that  we  can  detect  no  difference  even  after  several  years.  If 
large  quantities  of  coal,  however,  are  stored  under  such  conditions 
that  the  dissipation  of  the  heat  developed  in  the  slow  combustion  is 
■prevented,  the  temperature  rises,  the  process  is  accelerated,  and  can 
become  so  rapid  that  it  passes  into  vigorous  combustion.  This 
phenomenon  is  called  the  spontaneous  ignition  of  coal. 

Physical  Properties  of  Oxygen. — To  determine  the  density  of 
oxygen,  one  must  determine  the  weight  of  a given  amount  and  the 
/olume  occupied  by  it  (p.  27).  The  latter  can  be  easily  done  in  a 
<lass  tube  graduated  in  cubic  centimetres.  The  weight  is  less  easy  to 
letermine,  as  oxygen  is  very  light,  and  the  determination  of  its  weight 
n the  large  vessels  necessary  causes  difficulties.  We  adopt,  therefore 
m indirect  method.  ’ 
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Potassium  chlorate,  as  we  know,  evolves  oxygen  on  being  heated. 
In  the  vessel,  a white  substance  remains  behind ; a fuithei  substance 
is  not  produced.  If,  therefore,  the  weight  of  the  potassium  chloiata 
taken  for  the  experiment  be  determined,  and,  afterwards,  the  weight 
ofl  residue,  tile  difference  is  equal  to  the  weight  o.  the  oxygen 
evolved.  If  this  is  collected  in  a suitable  measuring-vessel  (Fig.  1-), 
its  volume  can  be  read  off  and  its  density  calculated  by  the  formula 
/I™/*  If  the  experiment  is  performed  with  1 gm.  of  potassium 
chlorate  it  is  found  that  after  complete  decomposition,  the  oxygen 
evolved,’  on  cooling  down  to  room  temperature,  occupies,  in  round 


Normal  Temperature  and  Normal  Pressure.  Tln^  lesuk^ 
h-ever,  not  yet  Mined  with  suffimmit  exacts,  ^ ^ 


hy°af  eep"t: 

different  conditions.  An  agreement  ^ , h etoie,  tbe 


different  conditions.  An  agreeing  — , — ’ at  Avhich  the 

regard  to  a normal  ™ [s  normal  temperature 

densities  of  gases  shall  1®,  centigrMie  thermometers  this 

the  melting  point  of  ice  is  taken  , on  tne  » 

0 1 T ^ O 1 


P purposes  of  daily  life  £«££•  ** 
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As  normal  pressure  there  has  been  adopted  the  mean  atmospheric 
oressure,  which  is  taken  equal  to  the  pressure  of  a column  of  mercury 
i*6  cm.  high. 

Since,  however,  the  density  of  mercury  is  also  dependent  on  the 
temperature,  we  must  add  that  the  temperature  of  the  mercury  shall 
3e  CF  C.  The  density  of  mercury  is  then  equal  to  13'595  ; 1 cc.  weighs, 
therefore,  13-595  gm.,  and  a column  of  1 sq.  cm.  section  and  76  cm. 
ugh  weighs  76  x 13-595  = 1033-2  gm. 

The  pressure  of  one  atmosphere  is,  therefore,  equal  in  effect  to  a 
weight  of  1033  gm.,  or  rather  more  than  1 kilogm.,  on  a area  of 
1 sq.  cm.1 

Boyle’s  Law. — The  volume  occupied  by  oxygen  gas  cannot  be 
always  determined  at  0°  C.  and  under 
atmospheric  pressure,  and  the  deter- 
mination  made  under  other  conditions 
must  be  appropriately  reduced.  For 
this  purpose,  a knowledge  of  the 
behaviour  of  oxygen  to  changes  of 
pressure  and  temperataire  is  necessaiy. 

A knowledge  of  the  first  is  ob- 
tained by  means  of  the  apparatus 
shown  in  Fig.  13.  The  oxygen  is 
contained  in  a graduated  tiabe,  the 
lower  end  of  which  passes  into  an 
indiarubber  tube ; to  the  other  end 
if  this  a movable  vessel  is  attached. 

Part  of  the  measuring  tube,  the 
Indiarubber  tube,  and  the  vessel 
ire  filled  avith  mercury.  The  press- 
ire  under  which  the  oxygen  stands 
.ian  be  altered  by  raising  and  lowering 
die  vessel.  The  volume  occupied  G.*-— 
oy  the  oxygen  can  be  read  off  on  Fl°- 13- 

be  graduated  tube.  The  pressure  in  cm.  of  mercury,  is  the  sum 
if  the  external  atmospheric  pressure  (height  of  the  barometer) 
md  the  difference  of  level  of  the  two  surfaces  of  mercury7.  This 
lifference  of  level  is  to  be  reckoned  with  negative  sign  when  the  outer 
nercury  surface  stands  lower  than  that  which  bounds  the  oxygen.  A 

1 Since  the  weight  of  a given  mass  varies  somewhat  with  the  place,  the  unit  of 
iressure  defined  above  is  also  subject  to  the  same  variation.  In  cases  of  greater  exact- 
•less  it  is  assumed  that  the  weight  determination  is  made  at  sea-level  and  in  the  latitude 
1 45  or,  that  the  determination,  when  made  elsewhere,  is  recalculated  to  these  con- 
titions. 


Ihe  adoption  of  absolute  units  is  still  better.  Since  the  force  with  which  1 gram  acts 
u consequence  ot  gravitation,  is,  at  sea-level  and  in  latitude  45°,  equal  to  9S0‘53 
™e  units  24)>  11  Allows  that  the  pressure  of  the  atmosphere  is  equal  to 
80-53  x 1033*2  = 1013130,  or  very  nearly  106  absolute  units.  A column  of  mercury  75 
instead  of  / 6)  cm.  high  would  give,  almost  exactly,  10°  absolute  units  of  pressure. 
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number  of  corresponding  values  of  volume  and  pressure  are  in  this  way 
determined 


By  means  of  such  measurements,  which  have  been  carried  out  by 
various  physicists  with  great  care,  it  has  been  found  that  a very  simple, 
relation  exists  between  pressure  and  volume.  Denoting  any  two 
pressures  by  p,  and  pv  and  the  corresponding  volumes  of  oxygen  by 

n £ rvl  rl  a m OIL  W-0)-  llie( 


jSSUltJb  UV  - a ^ rn i 

v and  v„  the  formula  holds,  px  ■p2=zV2  '■  vv  or>  Pivi~-Piv2r 
pressures  are,  therefore,  inversely  proportional  to  the  volumes,  or  the 
products  of  all  corresponding  values  of  pressure  and  volume  are  equal. 

The  law  found  here  for  oxygen  gas  is  not  peculiar  to  this  substance,  but 
holds  equally  for  all  other  gases.  It  was  discovered  in  1660  by  Boyle, 

and  is  called  after  him.  1 

The  Law  of  Gay-Lussac  and  Dalton.— Pressure  is  not  the  only 

circumstance  which  influences  the  volume  of  a gas.  The  voluBja 
changes  also  with  the  temperature,  increasing  and  diminishing  in  the. 
same  sense  as  the  temperature  rises  and  falls.  To  determine  the* 
amount  of  this  change  it  is  necessary  to  choose  another  fixed  tempera- 
ture besides  that  of  melting  ice.  The  temperature  of  boiling  water, 
and,  since  this  changes  with  the  pressure,  the  temperature  of  water  r 
boiling  under  a pressure  of  one  atmosphere  ( = 76  cm.  mercury)  selves* 
as  such  a temperature. 

To  obtain  the  amount  of  the  change  of  volume  between  these  twoo 
temperatures,  we  use  the  same  apparatus  as  was  employed  m demon-.- 
stealing  Boyle’s  law  (Fig.  14).  The  graduated  tube  containing  the, 
oxygen  is  surrounded  with  a glass  mantle  in  which  are  placed  , 
water  and  pieces  of  ice.  The  oxygen  soon  assumes  the 
temperature  of  melting  ice,  and,  after  the  outer  vessel  has- 
been  so  placed  that  the  two  mercury  surfaces  stand  at  an 
equal  height,  the  volume  occupied  by  the  oxygen  at  0 C.  ajfcM 
under  the  then  existing  atmospheric  pressure,  can  be  read  o U 
The  ice  is  then  removed,  and  in  its  place  steam  is  passe  4 
through  the  mantle.  The  volume  of  the  oxygen  increases, - 
and  having  again  brought  the  two  mercury  surfaces  to  the 
same  height,  we  can  read  off  the  volume  which  the  oxygen 
occupies  under  the  same  pressure  as  before,  and  at  tha 
temperature  of  boiling  water.  Exact  measurements  of  the 
amount  of  change  show  that  the  volume  has  increased 

the  Thi!7ehZnhas  llso proved  to  be  a universal  law  valid  fn 
all  gases.  The  number  obtained  rs,  therefore,  the  ex. 
pression  not  of  a special  property  of  oxygen  but  of 
universal  property  of  the  gaseous  state.  The  law,  that 
all  erases  expand  by  the  same  amount  between  corresponding 
temperatures,  was  discovered,  simultaneously  ty  a ^ "j, 

Lussac  in  the  year  1801  ; it  is  generally  called  after  the 
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symbols,  the  law  can  be  formulated  thus 
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vt  = (1  + at)v0, 

vhere  vt  is  the  volume  at  the  temperature  t,  v0  that  at  the  melting 
joint  of  ice,  and  a the  hundredth  part  of  the  expansion  between  the 
nelting  point  of  ice  (0°  C.)  and  the  boiling  point  ot  water  (100  C.). 
u numbers,  a = 0-00367  or  1/273. 

This  formula  gives  the  expansion  starting  from  the  temperature  of 
nelting  ice.  To  obtain  the  expansion  between  any  two  temperatures 
and  t',  the  above  formula  is  applied  to  both  temperatures,  and  v0 
iliminated  from  the  two  equations.  There  is  obtained 

1 + at  1 + at 

From  this  it  is  seen  that  the  volume  observed  at  temperature  t is 
•educed  to  the  volume  at  normal  temperature,  0°  C.,  by  dividing  it  by 
die  quantity  1 + at. 

* It  must  be  specially  emphasised  that  the  quantity  a is  the 
hundredth  part  of  the  expansion  of  unit  volume  between  the  melting 
point  of  ice  and  the  boiling  point  of  water,  and  not,  let  us  say,  between 
my  one  temperature  and  another  100°  O.  higher.  As  can  easily  be 
seen,  the  value  of  a,  the  coefficient  of  expansion  of  gases,  is  dependent  on 
die  choice  of  the  initial  temperature. 

The  Temperature  Scale.— Since  the  expansion  by  heat  has  the 
same  value  for  all  gases,  independently  of  their  nature,  the  change  of 
/olume  of  gases  is  used  for  temperature  divisions.  The  temperature 
)f  melting  ice  is  called  zero  and  that  of  water  boiling  under  atmospheric 
oressure  100.  This  range  of  temperature  is  divided  into  a hundred 
jarts  or  degrees,  which  are  proportional  to  the  change  of  volume.  To 
listinguish  this  graduation  from  others  which  are  also  used,  it  is  called 
he  centigrade  or  the  Celsius  scale,  and  is  denoted  by  C. 

Let,  then,  the  volume  of  a given  quantity  of  oxygen  or  of  another 
?as  contained  in  a tube,  be  denoted  by  0°  C.  (Fig.  15),  the  volume  at 
he  boiling  point  of  water  will  be  defined  by  the  spot  marked  100°  C., 
,nd  the  volumes  oe  and  os  will  be  to  one  another  as  1 : 1‘367.  The 
ength  es  is  divided  into  one  hundred  parts,  and  each  of  these  parts  denotes 
C.  Such  a tube,  in  which  the  gas  is  enclosed  by  means  of  an  easy- 
ooving  piston,  and  which  is  graduated  in  the  manner  just  described, 
ould,  evidently,  be  used  as  a thermometer  or  measurer  of  temperature. 

The  Absolute  Zero. — The  temperatures,  however,  which  are  met 
nth,  are  not  confined  to  the  range  between  the  melting  point  of  ice 
nd  the  boiling  point.  Beyond  the  latter,  we  can,  evidently,  extend 
■ur  thermometers  indefinitely,  for  there  is  no  evidence  of  a limit  for 
figher  temperatures. 

Towards  the  other  side,  however,  our  thermometer  is  limited,  for  we 
an  subtract  only  a definite  number  of  degrees  before  reaching  the 
ero  point  of  volume.  This  number  can  be  calculated  as  follows.  If 
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a vc  take  the  volume  oe  = l,  the  volume  <*  = 0-367  ; one  degree  is  the 
hundredth  part  of  this;  its  volume,  therefore,  amounts  to  0-0036 1, 
and  we  can  subtract,  in  the  direction  of  o,  only  as  many  degrees  as  the 
number  of  times  this  fraction  is  contained  m the  unit  Now, 
1/0-00367  = 273  ; if  we  could  lower  the  temperature  273  below  the 
melting  point,  the  oxygen  or  any  other  gas  must  occupy  the  volume  zero. 

Apart  from  the  fact  that  all  gases  liquefy  before  this  condition 
is  reached,  such  a low  temperature  has,  as  a matter  of  fact, 
never  been  produced;  the  lowest  point  which  has  been  reached 
lies  at  263°  below  the  melting  point  of  ice,  and  the  increasing 
difficulties  of  descending  lower  make  it  quite  probable  that  the  point 
- 273°  will  never  be  reached.  This  point  is  called  the  absolute  zeio. 

The  Absolute  Temperature.— The  designation  of  the  temper- 
ature of  melting  ice  by  0°  C.  results  in  the  temperatures  below 
this  having  negative  values.  This  is  not  only  arbitrary,  but,  in  a 
certain  sense,  inconsistent,  since  different  temperatures  never  have  the 
relation  to  one . another  of  positive  and  negative 
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magnitudes  in  the  mathematical  sense.  In  science, 


magnitudes  m rue  iiicitucjna.u^a.1 

therefore,  another  method  of  reckoning  the  temperature  •[ 

has  come  into  use.  As  zero  there  is  taken  that : 
unattainable  temperature  273°  C,  below  the  melting: 
point  of  ice,  and  the  temperature  is  counted  from  i 
that  point  upwards,  with  the  same  degree  divisions  • 

as  in  the  centigrade  scale. 

Besides  the  gain  of  entirely  avoiding  negative 
temperature  numbers,  there  is  the  further  advantage ! 
that  with  this  method  of  reckoning,  the  law  oft 
expansion  of  gases  assumes  an  especially  simple} 
form  • the  volume  becomes  simply  proportional  to » 
the  temperature.  If  the  volume  oe  of  our  gas* 
thermometer  (Fig.  15)  is  divided  into  2,3  parts  ,, 
and  if  this  graduation  is  continued  upwards  to  am  . 
extent,  the  volume  measured  in  these  units  gi\es.* 
directly  the  numerical  value  of  the  temperature* 
°r  The  temperature  measured  m this  manner  is  cal  e 
C the  absolute  temperature,  m contradistinction  to  th 
centigrade  temperature  reckoned  from  the  melting. 
point°  of  ice.  The  relation  between  the  two  scales  is 
very  simple,  for  the  absolute  degrees  amount  to, 


0°C 


very  - . , w 

273  units  more  than  the  centigrade  degrees. 


If  the 


Fig.  15 


*//  UllltS  IIIUIC  uuciu  ^ 

former  are  denoted  by  T and  tbe  latter  by  t,  '« 


have  the  relation 


T = 273  + t, 


where,  of  course,  negative  centigrade  temperatures  must  be  reckoned 
with  their  sign,  i.e  must  be  subtracted  from  .<3. 
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To  distinguish  the  numerical  values  of  the  absolute  from  the  centi- 
grade temperatures,  the  former  are  designated  by  the  letter  A.  ; thus, 

!n°  A.  = (n  - 273)°  C.  T T , 

Simultaneous  Validity  of  the  Gas  Laws -In  the  previous 
discussions  some  assumptions  have  been  tacitly  made  which  shall  now 
receive  expression.  Since  the  volume  of  a gas  is  influenced  both  by 
the  temperature  and  the  pressure,  it  must,  of  course,  be  assumed  that 
the  laws  stated  for  the  influence  of  these  factors  separately,  viz., 
Boyle’s  law  and  Gay-Lussac’s  law,  are  valid  only  for  the  case  that  the 
other  variable  is  kept  constant.  In  other  words,  Boyle’s  law  holds 
only  when  the  temperature  is  constant,  and  Gay-Lussac’s  law  only  when 
the  pressure  is  constant ; the  former,  however,  is  valid  at  any  constant 
temperature,  and  the  latter  at  any  constant  pressure. 

We  will  first  answer  the  question,  how  great  is  the  increase  of 
pressure  of  a gas  when  we  warm  it  without  increasing  its  volume.  Let 
us  start  from  0°  C.  and  the  pressure^,  under  which  conditions  let  the 
t^as  occupy  the  volume  Vq,  and  warm  it  at  constant  pressuie  to  t , 
the  volume  will  then  be,  according  to  Gay-Lussac’s  law,  vt  - v0(l  + at). 
To  again  obtain  the  former  volume  v0,  we  must  increase  the  pressure. 
The  necessary  value  pt  is  got  from  Boyle’s  law ; since  the  pressures 
and  volumes  which  go  together  are  Vf  and  p0}  or  v0  and  pt,  we  have 
v0pt  - vtp0.  Eliminating,  by  means  of  this,  v0  (or  vt)  from  the  former 
equation,  there  follows 

Pt=Po(  1 + o.t). 


That  is,  the  increase  of  pressure  caused  by  change  of  temperature  at 
constant  volume,  takes  place  in  the  same  proportion  as  the  change 
of  volume  under  constant  pressure.  Or,  the  coefficient  of  expansion  of 
gases  is  equal  to  their  coefficient  of  increase  of  pressure. 

The  General  Gas  Law. — In  the  case  where  the  pressure  and 
temperature  are  changed  simultaneously,  we  arrive  at  the  result  by 
the  following  line  of  argument.  When  the  temperature  is  the  same, 
we  have  the  relation  plv1  = p2v2  (p.  68).  If  the  temperature  is  changed 

V V 

there  holds,  when  the  pressure  is  constant,  - — = - — - ■ (p.  69),  and 

1 + Q.t-^  1 + (Xfg 

nr)  0) 

when  the  volume  is  constant,  (ride  supra).  It  is,  there- 

1 + atx  1 + at.2 

fore,  a matter  of  indifference  whether  the  influence  of  temperature  be 
taken  into  account  along  with  the  pressure  or  with  the  volume  ; it 
is  represented  by  the  same  formula  in  both  cases.  Accordingly,  if 
pressure,  temperature,  and  volume  are  simultaneously  changed,  there 
holds,  universally,  the  equation 


Pivi  = JVi_ 

1 + at^  1 + af2 


72  PRINCIPLES  OF  INORGANIC  CHEMISTRY  chap. 

From  this  we  obtain  the  formula  for  the  reduction  of  the  volume 
of  a gas  observed  at  any  temperature  t and  under  any  pressure  p^  to 
the  volume  v0  which  the  gas  would  occupy  at  the  temperature  t0  = 0°  C. 
and  under  the  pressure  p0  = 76  cm.  mercury.  For,  since  in  accordance 
with  the  given  formula,  there  must  also  hold  the  relation 

pv  _ puv„ 

1 + at  1 + atp 


there  follows,  on  setting  t0  - 0, 


Vn  = 


pv 


Po{  1 + a0 


a formula  which  is  of  frequent  application. 

The  fact  has  still  to  be  referred  to  that,  according  to  the  general 

formula,  the  quantity  has  always  the  same  value  for  a given 

quantity  of  a gas,  whatever  the  pressure,  temperature,  and  volume  of  the 


pv 

gas  may  be.  This  relation  is  expressed  by  the  formula 


= const. 


Of  the  three  magnitudes  p,  v,  t,  therefore,  only  two  can  be  taken  as 
independent ; when  these  are  chosen  the  third  is  fixed. 

Bv  introducing  the  absolute  temperature,  the  complete  gas  law 

1 + a t1  1 + a t.2  PoV  2 

, there  is  obtained,  when  we  make  tx  = Tx  - 273,  and  t2  = T2  - 2 1 3, 


becomes  still  clearer 

1 + cit x 
1 + atn 


From  the  equation 


pv 

The  expression  ^ remains 


1/97o  m_ti  ovm=m 

since  «=  1/273,  — - T, -or  Tx  T2‘ 

constant,  therefore,  “ for  all  possible  values  which  the  temperature, 
pressure,  and  volume  of  a given  quantity  of  a gas  can  assume  denoting 
this  constant,  which  is  proportional  to  the  quantity  of  the  gas,  n i, 
the  general  gas  law  reads 

pv  - ?'T. 

The  Number  of  Variables.  Degrees  of  Freedom.— Lastly,  we 
shall  refer  to  still  one  point  which,  it  is  true,  appears  very  self-evident 
which  we  shall,  however,  find  later  to.be  of  great  importance.  The 
gas  law  contains  three  variable  magnitudes-pressiire,  volume : and 
temperature.  Of  these,  however,  only  two  can  be  ’ 1 

values  have  been  chosen  for  these  the  equation  can  be > sat ^J>"  > 
when  the  third  assumes  a quite  definite  value,  v\nch  is  obtained Uj 
substituting  the  two  values  in  the  equation,  fU>  = i'T.  The  inipoi  ta 
of  the  gas  law,  indeed,  lies  just  in  the  fact  that  it  allows  o f ca h in  atm 
the  third  value  from  the  other  two.  It  is  indifferent  which  two 
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tthe  three  variables  are  chosen  as  the  magnitudes  to  be  arbitral  ily 

fixed.  , , . 

This  relation  is  expressed  by  saying,  the  gaseous  stale  has  no 

degrees  of  freedom. 

For  understanding  the  behaviour  of  different  systems,  a know  ledge 
of  their  degrees  of  freedom  is  a matter  of  fundamental  importance,  and 
this  is  true  not  only  for  the  physical,  but  also  for  the  chemical 
behaviour.  Much  use  will,  therefore,  be  made  later  of  the  conception 
of  the  degrees  of  freedom  of  a system. 

,f  Geometrical  Representation  of  the  Gas  Laws.  It  will  be 
recalled  that  in  Mathematics,  the  fact  of  the  mutual  dependence  of  two 
variable  magnitudes,  of  such  a kind  that,  one  of  them  being  given  the 
other  must  assume  a definite  value,  vxis  expressed  by  saying  that 
the  one  is  a function  of  the  other.  In  Boyles  law 

pv  = C, 

where  p is  the  pressure,  v the  volume  of  a gas,  and  C a constant,  p is 
a function  of  v.  Conversely,  v is  a function  of  p,  for  this  relation 
is,  necessarily,  always  mutual. 

As  can  be  seen  from  this  example,  the  content  of  a quantitative 
law  of  nature  can  be  expressed  by  saying  that  it  represents  two  (or 
several)  measurable  properties  of  a system  as  functions  of  one  another. 

When  the  function  is  given  in  the  form  of  an  algebraic  equation 
there  can  be  calculated  for  each  value  of  the  one  variable  the  correspond- 
ing value  of  the  other,  and  when  such  calculations  have  to  be  frequently 
performed,  a table  of  the  required  extent  can,  once  for  all,  be  drawn 
up.  In  many  cases,  however,  especially  in  the  investigation  of  new 
relations,  an  algebraic  expression  for  a really  existing  dependence  is 
not  known.  In  such  cases  it  is  important  to  possess  a method  which 
allows  of  showing  clearly  the  connection  between  the  magnitudes,  so 
that  the  general  relations  can  be  judged.  For  this  purpose  the 
representation  by  means  of  co-ordinates  is  generally  used  in  the 
experimental  sciences. 

Let  it  have  been  found  by  measurement  that  to  a definite  value  .>■ 
of  the  one  magnitude,  there  corresponds  a value  yx  of  the  other.  On 
a horizontal  straight  line  (Fig.  16),  starting  from  a point  which  has 
been  chosen  once  for  all  as  the  zero,  one  then  measures  off,  towards 
the  right,  a distance  corresponding  to  the  value  of  xv  i.e.  a distance 
which  contains  as  many  of  the  suitably  chosen  units  of  length  as  the 
amount  of  the  numerical  value  of  xv  From  the  point  xx  the  value  of 
yv  also  in  suitable  units,  is  measured  in  a perpendicular  direction. 
The  point  yx  so  obtained  is  then  a representation  of  the  quantitative 
relations  of  the  two  values.  This  process  is  repeated  for  a second  pair 
•of  corresponding  values  x.2y2,  and  a second  point  is  thus  obtained.  By 
continuing  the  process,  a number  of  such  points  is  obtained,  and  if  an 
unbroken  line  be  now  drawn  through  all  these,  a clear  picture  of  the 
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relation  between  the  two  variable  magnitudes  of  the  phenomenon 
under  investigation  is  obtained.  The  horizontal  lengths  aie  called  the 
abscissae,  and  the  vertical  ones  the  ordinates  of  the  points  inserted  ; both 
together  are  designated  as  the  co-ordinates. 

° The  method  of  representation  employed  permits  also  of  the  reprej 
sentation  of  negative  magnitudes,  if  the  rule  he  laid  down  that  these 
shall  he  reckoned  towards  the  left  and  downwards  from  zero,  while  the 
positive  magnitudes  are  reckoned  towards  the  right  and  upwards.  J 
* The  Law  of  Expansion. — In  illustration,  let  us  apply  the 
method  in  the  first  place,  to  known  laws  of  nature  ; the  curves  thereby 
obtained  will  he  a representation  of  these  functions.  As  a first 
example  we  may  take  the  law  for  the  expansion  of  gases  by  heat,  the 


t Y 


Fig.  10. 


temperatures  being  regarded  as  the  abscissae,  the  volumes  as  the 
ordinates.  First  of  all  one  calculates  the  volumes  v,  corresponding  to 
different  values  of  t,  according  to  the  formula  for  constant  pressure 

v = v0(l  +0-003670, 

assuming  any  definite  value  for  the  constant  v0,  e.g. 
a table  such  as  the  following  : 


, = 1.  One  obtains 


t 

o° 

10° 

20° 

50° 

100° 


v 

1-000 

1-037 

1-073 

1-184 

1-367 


If  we  take  the  values  of  t as  abscissae,  those  of 
following  figure  is  produced  (Fig.  17). 


as  ordinates,  the 
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The  points  all  lie  in  a straight  line,  and  if  they  are  joined  by  a 
straight  line,  one  obtains  from  it  the  volumes  corresponding  to  all  the 
intermediate  values  of  the  temperature,  and  rice  ie>*a.  » uc  a icpie 
sentation,  therefore,  can  be  used  in  place  of  the  formula  for  obtaining 

the  intermediate  values  (interpolation).  , _ 

All  expressions  in  which  the  two  variables  occur  only  to  the  first 
power  and  not  multiplied  with  one  another,  represent  straight  lines. 
They  are  called  functions  of  the  first  degree,  or,  in  consideration  of  the 
representation  just  found,  linear  functions.  Such  functions  have  the 
o-eneral  form  y = ax  + b,  where  a and  b are  constants  ; b representing 
the  value  which  y assumes  when  x = 0.  (In  the  foregoing  example  b 
represents  the  volume  of  the  gas  at  the  temperature  0 C.)  I he 

meaning  of  a is  obtained  as  follows.  Applying  the  formula  to  two 


given  points  X-[yl  and  x0y2,  there  follows,  by  subtraction  of  the  two 
equations  yx  = axx  + b and  y2  = ax2  + b,  and  rearranging — 


Here,  y2  - yx  and  x2  - xx  are  the  changes  which  y and  x have  simul- 
taneously experienced ; a denotes,  tlierefore,  the  ratio  in  which  the  two 
magnitudes  vary  with  one  another.  The  readily  intelligible  meaning 
of  the  factor  a in  the  above  example  is  that  of  the  coefficient  of  ex- 
pansion, 0-00367,  the  ratio  between  the  increase  of  the  unit  of  volume 
and  of  the  temperature. 

If  the  straight  line  which  expresses  the  relation  between  tempera- 
ture and  volume  be  produced,  it  cuts  the  horizontal  axis  at  the  point 
t = - 273.  At  this  point  the  ordinate  v has  the  value  zero;  at  this 
temperature,  therefore,  the  gas  would  occupy  the  volume  0,  if  it 
obeyed  the  law  as  far  as  that  point.  This  representation  gives,  as  can  be 
seen,  a clear  idea  of  the  absolute  zero.  Since  no  gas  has  been  investi- 
gated to  such  a low  temperature  as  this,  the  prolongation  of  the  line 
is  not  the  expression  of  observed  facts,  but  either  has  a formal 
meaning,  or  expresses  a more  or  less  probable  supposition.  Such  a 
procedure  is  known  as  extrapolation,  and  one  must  always  bear  the 
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doubtful  nature  of  its  results  in  mind.  In  the  present  case  the 
supposition  would  be  wrong,  since  most  gases  already  change  their 
physical  state  in  the  known  ranges  of  temperature  above  the  absolute 
zero,  and  become  liquid  or  solid. 

# Representation  of  Boyle’s  Law. — The  relation  between  the 
volume  and  pressure  of  a gas  at  constant  temperature  is  represented 
by  the  formula  pv  = C,  where  C is  a magnitude  which  varies  with  the 
amount  of  the  gas  and  with  the  temperature,  but  for  given  values  of 
these  remains  constant.  The  expression  is,  evidently,  not  one  of  the 
first  degree  with  respect  to  p and  v,  since  it  contains  a product  of  the 


two,  but  is  of  the  second  degree.  Accordingly,  it  will  not  be  represente 
by  a straight  line.  Assuming  the  constant  C = 100,  one  obtains  the 

following  table : — 

v v 

i too 

5 20 

10  10 

20  0 

100  1 


The  geometrical  representation  gives  the  curved  line  of  big-  N 
which  is  called  a rectangular  hyperbola.  The  two  branches  approach 
the  axes  more  and  more,  without  ever  touching  or  cutting  them. 
Straight  lines  which  possess  this  property  with  relation  to  a curve,  are 
called  asymptotes;  and  the  manner  of  appioac  i^  ca  ec  asymp  t i J 
Since,  simultaneously  with  the  approach  to  the  one  axis,  the  curve 
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becomes  more  and  more  distant  from  the  other,  tins  relation  is  an 
expression  of  the  fact  that  the  volume  of  the  gas  never  becomes  zero, 
however  great  the  pressure,  and,  likewise,  the  pressure  never  becomes 
zero,  however  great  the  volume.  However,  the  extension  ot  this 
conclusion  indefinitely,  would  again  bo  an  extrapolation  (p.  75),  to 
which  the  corresponding  dubiety  would  attach. 

Density  of  Oxygen. — After  these  long  but  necessary  pre- 
liminaries, we  can  calculate,  from  the  observed  volume  v of  the 
oxygen  at  the  temperature  t and  under  the  pressure p,  its  “reduced 
volume  ” v0  at  0°  and  under  the  pressure  p0  (equal  to  the  pressure  of 
one  atmosphere  or  76  cm.  mercury),  by  means  of  the  formula 


pv  _ pv 

Vo=p0(l+a 0 “76(1  + 0-00367/)  ‘ 

According  to  the  very  exact  measurements  of  Morley,  the  weight  of 
1 cc.  of  oxygen  under  normal  conditions,  amounts  to  0-0014290  gm. ; 
its  density  is,  therefore,  0'0014290.  Conversely,  1 gm.  of  oxygen 
occupies,  under  normal  conditions,  699-8  cc.;  its  extensity  is,  there- 
fore, 699 -8.  At  an}r  other  pressure  and  temperature  /,  these  values 
are — 


Density:  0-0014290,. 


P 


76(1  + 0-00367/) 

t 076(1  + 0-00367/) 

Extensity:  b99’8 — — • 


Liquid  Oxygen. — For  a long  time  oxygen  was  known  only  in 
the  gaseous  state;  it  was  only  in  1877  that  Pictet  and  Cailletet, 
simultaneously  and  independently,  converted  it  into  a liquid.  This 
has  a bluish  colour  and  boils,  under  atmospheric  pressure,  at  - 180°  C. 
On  increasing  the  pressure,  the  boiling  point  rises.  In  this  way,  by 
increasing  the  pressure  to  50  atmospheres,  the  boiling  point  can  be  raised 
to  - 118  . At  a higher  pressure,  the  phenomenon  of  boiling  can- 
not be  brought  about  at  all ; on  the  other  hand,  above  - 118°  oxygen 
cannot  be  liquefied  by  any  pressure,  however  great.  These  extreme 
values  at  which  gas  and  liquid  can  exist  side  by  side,  are  called  the 
critical  values  ; 50  atmospheres  is,  therefore,  the  critical  pressure,  and 
- 118°  C.  or  155c  A.  the  critical  temperature,  of  oxygen.  More  exact 
information  regarding  the  behaviour  of  substances  in  the  neighbour- 
hood of  the  critical  point  will  be  given  later  (Chap.  XVI.). 

Whereas  formerly,  liquid  oxygen  could  be  obtained  only  in  small 
quantity  after  laborious  preparation,  C.  Linde  perfected  a method  in 
1896,  by  means  of  which  oxygen  could  be  converted  into  the  liquid 
state  by  a continuous  process.  The  method  depends  on  the  fact  that 
strongly  compressed  air  undergoes  cooling  on  expansion.  The  cold 
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thus  produced  is  then  employed  to  cool  down  a further  quantity  of  5 
compressed  air,  so  that  when  this  expands  a considerably  lower! 
temperature  is  produced;  by  repeating  this  cycle  uninterruptedly, ■ 
the  temperature  can  soon  be  lowered  so  far  that  the  expanded  air  ( 
becomes  liquid. 

From  the  mixture  of  oxygen  and  nitrogen  thus  obtained,  nitrogen  ■ 
evaporates  off  first  since  its  boiling  point  lies  at  - 194  , much  lower, 
therefore,  than  that  of  oxygen;  a mixture  is  left  behind  which  becomes  j 
increasingly  rich  in  oxygen  and,  at  last,  is  almost  pure  liquid  oxygen,  j 
The  production  of  liquid  oxygen  has,  on  this  account,  become. so 
cheap  that  attempts  have  been  made  to  employ  it,  mixed  with 

charcoal,  as  an  explosive.  _ 

Commercial  Oxygen. — Although  oxygen,  in  unlimited  amount, 

is  at  the  disposal  of  every  one,  the  manufacture  of  oxygen  for  sale  has, 
however,  already  become  a considerable  industry.  This  depends  on 
the  fact  that  tiie  oxygen  in  the  air  is  diluted  with  nitrogen  and 
therefore  in  the  case  of  combustion  does  not  produce  such  a high 
temperature  as  the  pure  gas.  Where,  therefore,  it  is  of  importance 
to  obtain  very  high  temperatures,  pure  oxygen  must  be  employed,  and 

this  must  be  specially  prepared.  t u 

The  chemical  methods  employed  for  this  , purpose  cannot  be 
described  here.  The  preparation  from  potassium  chlorate  is  too 
expensive  for  the  manufacture  on  a large  scale ; other  substances  are 
used  which,  at  certain  temperatures,  absorb  oxygen  from  the  air  and, 

at  other  temperatures,  give  it  up  again.  . T 

Only  the  principle  of  one  method  can  be  described  here.  It 
depends  on  the  easy  preparation  of  liquid  oxygen  from  the  air  see 
above).  From  the  mixture  of  oxygen  and  nitrogen  produced  by  this 
method,  the  nitrogen  is  removed  by  partial  evaporation.  By  using 
the  cold  hereby  produced  for  the  liquefaction  of  fresh  portions  of  air 
it  is  possible  to  separate  the  oxygen  and  nitrogen  of  the  air  fault  we 
from  one  another,  and  this,  too,  at  a price  which  makes  the  com- 
mercial production  appear  remunerative. 

The  oxygen  prepared  for  sale  is  pumped  into  steel  cylinders  under 

a pressure  oflOO  atmospheres,  and  can  be 

any  desired  velocity  by  turning  a screw-valve.  For  the  purpose  0 
continuously  maintaining  definite  velocities  111  spite  of  the  giad  al 
emptying  of  the  cylinder,  there  are  pressure-reducing  valves,  the 
open  km  of  which  enlarges  more  and  more  as  the  pressure  111  the, 
interior  becomes  less,  and  which,  in  this  way,  effect  adi^hy  ^hK 
is  almost  independent  of  the  pressure.  As  a rule,  commeicial  0. 

still  contains  5 to  10  per  cent  of  nitrogen. 

Other  Properties. — As  is  to  be  expected  from  the  gieat  imp. it 

ance  oFthif  elemfnt,  the  measurement  of  many  other  properties  haJ 
been  carried  out  on  oxygen.  Their  importance  is,  however  as  a . ule, 
not  so  great  that  they  should  be  separately  discussed  here 
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them,  however,  viz.,  the  solubility  in  water,  will  be  given,  since  it  often 
comes  under  discussion.  It  is  small ; 1 volume  of  water  dissolves,  at 
0°,  0-049,  and  at  20°,  0-031  volumes  of  oxygen.  From  atmospheric 
air,  in  which  oxygen  is  present  only  to  the  extent  of  one-fifth,  only  a 
fifth  part  will  be  dissolved.  From  this  it  follows  that  at  0 , 32  gm. 
of  oxygen  require  457  lit.  of  water  for  solution,  when  the  solution  is 
saturated  with  pure  oxygen.  If  it  is  saturated  with  air,  32  gm. 
oxygeu  would  only  1)6  contciincd  111  something  like  2 3 cuhic  niGti  es  of 

water.  . . . 

Further  it  is  deserving  of  mention  that  oxygen  is  paramagnetic,  i.e. 
it  is  attracted  by  a magnet,  similarly  to  iron.  On  account  of  the 
small  density,  this  property  is  not 
visible  in  the  case  of  the  gas ; in 
the  case  of  liquid  oxygen,  however,  it 
can  be  readily  observed. 

Ozone.— When  oxygen  is  exposed 
to  the  influence  of  electrical  oscilla- 
tions, its  volume  changes  ; the  volume 

contracts  and  the  oxygen,  at  the  same  Oxygen 

time,  assumes  new  properties.  The 
experiment  is  best  carried  out  in  an 
apparatus  consisting  of  two  tubes 
placed  one  within  the  other,  and  fused 
together.  These  tubes  are  coated, 
within  and  without,  with  an  electrical 
conductor ; each  coating  is  connected 
with  a pole  of  an  induction  machine, 
and  oxygen  is  passed  in  a slow 
current  through  the  space  between  the 
two  tubes.1 

Characteristics.  — That  some- 
thing new  has  been  formed  is 
evidenced  first  of  all,  by  the  fact  that 
the  issuing  gas  has  a strong  smell, 
which  is  irritating  to  the  mucous 
membrane  and  induces  coughing. 

Further,  a piece  of  bright  silver, 
which  undergoes  no  change,  either  in 
air  or  in  pure  oxygen,  becomes  black 
when  held  in'  the  stream  of  gas.  Lastly,  a colourless  solution  of 
potassium  iodide  (p.  47)  becomes  coloured  dark  brown  when  the 


Ozone 


1 An  advantageous  modification  of  tlie  apparatus  consists  in  forming  both  coatings  of 
dilute  sulphuric  acid  (which  is  a fairly  good  conductor  of  electricity),  (Fig.  19).  By 
means  of  the  liquid,  the  apparatus,  while  being  used,  is  kept  cool,  a condition  which  has 
great  influence  on  the  yield,  since  ozone  is  destroyed  by  warming,  i.e.  it  is  converted 
again  into  ordinary  oxygen. 
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altered  oxygen  is  conducted  through  it,  whereas  ordinary  oxygen 
has  no  effect.  All  these  properties  are  again  lost  when  the  altered 

oxvgen  is  passed  through  a heated  glass  tube. 

We  here  stand  face  to  face  with  the  fact  that  a simple,  or  inde- 
composable, substance  assumes  other  properties  without  passing  into  a 
chemical  compound  by  interaction  with  another  substance,  loi  the 
glass  of  the  electrical  apparatus,  with  which  the  oxygen  is  in  contact  , 
during  its  alteration,  remains  entirely  unchanged,  as  also  does  the 
heated  tube  in  which  the  altered  oxygen  again  passes  into  ordinary  , 

0XyThis  oxygen,  endowed  by  means  of  the  electrical  treatment  with 
other  properties,  is  produced  also  under  many  other  conditions.  Even 
in  very  small  quantity,  it  is  recognisable  by  its  remarkable  sme  , 09  i| 

account  of  which  it  has  received  the  name  of  ozone. 

Pure  Ozone.— The  oxygen  in  our  apparatus  is  converted,  after  all, 
only  in  small  part  into  ozone,  so  that  the  issuing  gas  is  a mixture  0 
oxygen  with  a small  percentage  of  ozone.  Pure  ozone  can  be  obtained 
bv  nassino-  the  mixture  through  a tube  cooled  by  liquid  oxygen  the 
ladles  then,  to  a liqbd  of  . -"-flower  Hue  col  our  wh.d, 
msses  at  - 110°  into  a blue  gas.  Working  with  this  gas  is  dan  eious,  . 
since  it  readily  explodes,  passing,  with  development  of  heat,  into,. 

ordto^  oxygen.  Oxygen.— This  last  fact  gives  ns  the  key 

to  the"  * ep— a.  gA 

^ ^ 

’ . , x\T0  nan  therefore  write  the  equation 

chemical  energy.  We  can,  tnereioic, 


1 

*: 


oxygen  + energy  — ozone.1 

tra  rhp  influence  of  electrical  oscillations,  there 
requires  for  its  transformation. 

intT “evident,  osone  can  he  formed  from 

conditions  that  the  necessary  ^^0—^  (to  he  specihed 
Ago  matter  of  fact,  this  is  tne  c a yv  N 

have  different  properties  are  called  P - ele^ent.  The  fact  of 

therefore,  allotropic  modifications  - panq  fr0m  the  fact  that 

the  existence  of  allotropy  o ows  ^ ^ another  without  residue. 

casss  * 


tne  COmuiutti  ^ e .ng  that  ordinary  oxygen  contain: 

i The  equation  is  not  to  be  thoug  1 ordinary  oxygen, 

no  energy,  but  only  that  ozone  contains  more  energj 
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exactly  the  same  compounds  are  obtained,  and  in  these  nothing 
remains  of  the  difference  between  the  two  kinds  of  oxygen. 

Besides  the  difference  in  chemical  behaviour  and  in  energy-content, 
there  also  exist  between  oxygen  and  ozone  differences  in  their  physical 
properties.  More  especially  has  there  to  be  mentioned  that  the  density 
of  ozone  is  to  that  of  oxygen  as  3 : 2.  One  cc.  of  ozone  weighs,  under 
normal  conditions,  0,002144  gm.,  and  1 gm.  of  ozone  occupies  the 
volume  466’5  cc. 

Technical  Application. — Since  ozone  acts  more  cpiickly  and 
more  energetically  on  oxidisable  substances  than  oxygen,  it  is  prepared 
it  the  present  day,  on  a large  scale,  by  an  electrical  method,  and  is 
employed  in  the  arts  for  bleaching,  purification  of  starch,  resinification 
)f  oils,  etc. 
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- * " rt  - irratire,rbV>pe4.  • 

vmced  ourselves  (p.  > the  form  of  thin  wire,  or 

* * *■**  - ' 


1 nvpr  it  (¥\v.  20),  the  latter  is  converted  into  ; 

gas  which  can,  like  Jaf  which  is  collectec 

Identification  of  Hydroge  • it  it  is  colourless- 

te  an  —f 

from  the  carbon  contained  m ordinary  iron  ana 
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g}  extent.  It  can,  however,  be  readily  distinguished  from  oxygen  by  the 
well-known  reaction  of  that  gas.  A glowing  splinter  of  wood  does  not 
a)  inflame,  but  is  extinguished.  If,  however,  a splinter  burning  with  a 
,fj  flame  be  brought  into  the  gas,  it  also,  it  is  true,  is  extinguished,  but 
i the  gas  itself  takes  fire  and  burns  with  a pale  flame.  Hydrogen, 
therefore,  cannot  support  the  combustion  of  wood,  but  is  itself  com- 
bustible in  air. 

Detection  of  Oxygen  from  Water. — If  the  iron  be  afterwards 
examined,  it  will  be  found  to  be  coated  with  a black-grey,  friable  mass 
which  has  the  same  properties  as  the  substance  produced  by  the  burning 
of  iron  in  oxygen,  and  is,  in  fact,  like  it,  an  oxide  of  iron.  The 
following  process,  therefore,  occurs  : — 

water  + iron  = hydrogen  + oxide  of  iron. 

Other  Methods  of  Preparation  of  Hydrogen. — The  experiment 
just  described  is  of  great  historical  importance  since  it  served,  in  its 
day,  to  prove  the  compound  nature  of  water  (which  was  formerly 
regarded  as  an  element).  It  yields,  however;  little  hydrogen  and  is 
inconvenient  to  carry  out. 

The  experiment  becomes  much  easier  when,  instead  of  iron,  a 
metal  is  used  which  decomposes  the  water  even  at  a low  temperature. 
This  decomposition  occurs  with  the  light  metals,  e.g.  magnesium.  If 
water  be  poured  over  magnesium  powder,  such  as  is,  at  present,  much 
ased  for  the  production  of  a bright,  sudden  light  in  photographing,  no 
iction,  certainly,  takes  place  at  the  ordinary  temperature ; on  heating, 
aowevei,  till  the  water  boils,  a gas  is  slowly  evolved  which  can  be 
;ollected  in  the  ordinary  way,  and  can  be  shown  to  be  hydrogen  by  its 
aiming  with  a pale-blue  flame. 

The  evolution  of  gas  can  be  greatly  accelerated  by  dissolving  in 
he  water  a little  magnesium  chloride,  a salt-like  compound^  of 
nagnesium.  This  does  not  take  any  part  in  the  reaction  but  only 
lissolves  the  oxide  of  magnesium  which  is  formed,  and  thus  frees  the 
urface  of  the  metallic  particles  from  the  coating  of  this  substance, 

»y  which  the  action  of  the  water  is  retarded. 

Lastly,  there  are  light  metals  which  decompose  water  with  enemy 
ven  at  the  ordinary  temperature.  This  is  the  case,  for  example,  with 
odium  (p.  52).  On  bringing  a little  of  this  metal  in  contact  with 
,»  ar!  ®nergetKJ  action  takes  place  whereby  so  much  heat  is 
eve  loped  that  the  metal  melts.  For  the  purpose  of  collectin-  the 
is  Hereby  produced,  one  can  proceed  as  follows. 

A little  sodium  is  placed  on  the  water  in  the  trough  and  pressed 
S^face  an  111  verted  spoon  made  of  fine  wire-gauze 
, ..  , evolvfd  gas  then  ascends  through  the  meshes  of  the 

ver4d  tnbehfiirfa  ’ll  ^ back\  K the  Sp00n  be  placecl  under  an 
veued  tube,  filled  with  water  and  standing  in  the  trough,  the  -as 

in  be  collected  and  be  shown  to  be  hydro-ei?  * 
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Also  the  sodium  may  bo  wrapped  in  blotting-paper,  and  quickly 
5 , i a flip  tube  bv  means  of  a tongs.  H10 

brought  under  the  mo  water  then  penetrates  only 


fig.  21. 


after  some  moments  to  the 
sodium,  and  this  rises  within 
the  tube,  where  it  acts  on 
the  water  and  evolves  gas. 
In  this  case,  also,  the  gas 
can  be  shown,  by  its  com- 
bustibility, to  be  hydrogen. 

As  a rule,  the  gas  so 
obtained  burns  not  with  a 
blue  but  with  a yellow 
dame.  This  is  due  to  the 
presence  of  drops  of  liquid, 
which  contain  the  sodium 
compound  which  has  been 
formed  5 to  this  the  dame 


n i , , Tf  one  wishes  to  avoid  this,  the  gas  must  1 
owes  its  yellow  colour.  j g 0f  liquid  have  settled 

be  allowed  to  stand  some  time  till  the  diops  nq 

and  the  gas shas  become * ^^“J^thods  by  which  oxygen  was 
Chemical  Force  . e employed  for  the  preparation  of 

obtained  are  compared  ' .g  0xide  0f  mercury  and 

hydrogen,  “ “fte  decompose  at  moderately  high  temperatures 
potassium  chlorate  dec  P without  the  participation  of 

into  oxygen  and  the  however>  was  obtained,  not  by  the 

any  other  substance.  y o ' ated  a5  an  element,  but  by  its  ■ 

other  constituent  of  water  be  0 1 formation  0f  hydrogen  from 

entering  into  another more  energetically  the  combination 
:fa";gta“  hi  1 substance  added  takes  place,  in.  the  more- 

stable  the  newly  formed  compound [u.  ^ other  cases.  If  U 

Similar  conditions  are  a s . ™ and  bring  into  contact  with: 

have  a compound  of  the  t„Sf„rm  a very  slle 

“mpL":  VtZZtto  - formed  a.ong  with  the 

“ fong  time  flowing 

a picture  which  is  stil  correct  The  various  substance. 

in  virtue  of  whirl 

were  imagined  as  bein_,  ther  jf  now,  the  force  betweei 

they  could  mutually  bind  on  n A a'n(1  B_  C must  decompos 

A and  C is  greater  than  ^ ^ ^ together  • A is  bound 
hheWCfa7bynC.  and  B’is  displaced  from  its  compound  with  A H 
free.  „ 
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In  the  case  under  discussion,  it  was  assumed  that  the  force  between 
hydrogen  and  oxygen  is  smaller  than  that  between  iron  and  oxygen  ; 
J:if,  therefore,  water  is  exposed  to  the  action  of  iron,  the  smaller  force  is 
overcome  by  the  greater,  and  the  stronger  iron  drives  out  the  hydrogen 
from  the  water. 

A more  exact  knowledge  of  chemical  processes  has  shown  that  this 
picture  is  not  a suitable  one ; it  represents,  only  quite  roughly,  some 
of  the  actual  relations,  but  is  contradictory  to  other  facts.  Through 
; long  use  in  chemistry,  however,  this  mode  of  expression  has  become  to 
such  an  extent  a part  of  the  daily  language  of  that  science,  that  a 
knowledge  of  it  is  necessary  for  the  understanding  of  chemistry, 
1 although  it  is  better  not  to  use  it.  A more  suitable  exposition  of 
jisuch  processes  will  be  given  shortly  (p.  99). 

Preparation  of  Hydrogen  from  Acids. — None  of  the  experi- 
ments we  have  described  for  obtaining  hydrogen  from  water  are 
convenient  to  carry  out,  especially  when  comparatively  large  quantities 
of  the  gas  have  to  be  prepared.  For  this  purpose,  not  water  but  other 
compounds  of  hydrogen  are  decomposed. 

Among  the  compounds  of  hydrogen  there  is  an  especially  large  and 
important  group  known  as  the  acids.  These  are  hydrogen  compounds 
which  have  the  property  that  their  hydrogen  is  liberated  when  they 
are  acted  on  by  certain  metals.  The  strength  of  the  action  varies 
with  the  nature  of  the  acid  and  of  the  metal,  and  as  there  is  a great 
rariety  of  acids  and  metals,  the  ones 
nost  suitable  for  the  purpose  on  hand 
:an  be  chosen. 

Zinc  (p.  55)  is  the  most  suitable 
netal  and  hydrochloric  acid  the  most 
uitable  acid.  When  these  are  brought 
ogether,  a vigorous  reaction  takes  place 
wen  at  ordinary  temperatures,  and  by 
his  means  hydrogen  in  any  desired 
-mount  can  be  generated. 

The  apparatus  employed  for  this 
mrpose  can  be  arranged  in  very  different 
rays.  In  Fig.  22  a very  useful  form  is 
hown.  The  zinc  is  contained  in  a bottle, 
t the  bottom  of  which  it  is  convenient 
3 have  a second  tubulure  closed  by  a 
ork  and  stop-cock.  Into  the  neck  of  the 
ottle  there  is  inserted,  air-tight,  a 
oubly  bored  cork,  through  which  pass  a 
ropping-funnel  and  a short  glass  tube. 

. dropping-funnel  differs  from  an  ordinary  funnel  in  that  it  is 
irmshed  with  a tap  by  means  of  which  the  liquid  it  contains 

the  gas- 


Y 


Fio.  22. 


„ - --  --  - — liquid  it 

in  be  allowed  to  flow  out  as  desired,  or  be  kept  back.  To 
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delivery  tube  there  is  attached  an  indiarubber  tube,  to  which  the  rest 

‘^“Sr^erate  hydrogen  it 
the  dropping  funnel  with  hydrochlone  “f,  -d  to^u^o^ 


Fig.  23. 


the  tap,  so  that  the  acid 
reaches  the  zinc  in  single 
drops.  Each  drop  forth- 
with evolves  gas,  and  by- 
regulating  the  tap  any 
desired  velocity  of  evolu- 
tion may  he  obtained. 
When  no  more  gas  is 
required  the  tap  is  com- 
pletely closed  and  the 
apparatus  is  ready  for 
use  when  next  required. 
When  the  bottle  is  nearly 
filled  with  liquid,  this 
is  run  off  by  the  tap 
at  the  bottom. 


In  some  cases  it  is  expedient .to repkee 
second  bottle  with  a tubulure  ate  o • tuiJulure  of  the  first 
to  allow  of  easy  movement  wi  ,^e  incfiarubber  tubing 

bottle  by  means  of  indiarubber  tubing.  k » wkich  presses 

there  is  placed  a clamp  o < wire^a  ,vith 

the  tubing  together  and  closes  . i l 23y  By  means  of  a 


the  tubing  together  and  closef  ^ . (Fi  23).  By  means  of  ai 

hydrochloric  acid  and  placed  above  the  first  (tig.  1 

screw,  the  pinch-cock  is  opened  ti  e 
enough  to  allow  the  acid  to  flow  to 
the  zinc  in  drops,  whereupon  the 
evolution  of  hydrogen  begins  and  can 

be  regulated  as  desired. 

Another  form  which,  although  not 
suitable,  is  still  much  used, 


<50  siutctutt/)  

shown  in  Fig.  24.  The  Kipp  apparatus, 


IS 


snovvn  in  j-  *5-  - - a- 

so  called  from  the  name  of  its  mventoi, 

consists  of  the  under  vessel  AB 
which  is  double,  and  either  part  of 
which  has  a lateral  tubulure  and  of 
■in  upper  globe-shaped  funnel  C,  the 
wTtemrf  which  reaches  down  to 
the  under  part  of  A and  is  ground 

into  the  Lv  of  B The  - » 
nKced  in  B,  the  acid  in  C , the  &as 
delivery  tube  is  fixed  in  the  lateral  opemm 
The  method  of  working  is  as  fo  ow 


Fig.  24. 


of  B and  closed  by  a tap 
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On  opening  the  tap  H the  air  in  the  apparatus  first  of  all  escapes  ; 
the  acid  flows  from  C into  A and,  when  A is  filled,  comes  into  contact 
with  the  zinc  in  B.  Evolution  of  gas  begins  forthwith,  and  the  hydro- 
gen which  is  generated  escapes  through  the  tap  H.  If  more  gas  is 
developed  than  can  pass  through  the  tap,  the  acid  is  forced  back  out 
of  B into  A and  C ; it  comes  out  of  contact  with  the  zinc  and  the 
evolution  of  gas  is  interrupted  or  diminished.  On  the  other  hand,  if 
more  gas  is  withdrawn  the  acid  passes  back  to  the  zinc  and  the 
evolution  of  gas  takes  place  more  quickly. 

Although  this  automatic  regulation  is  an  advantage,  the  apparatus 
has  the  disadvantage  that  the  fresh  acid  from  C is  mixed  with  the 
partially  spent  acid  in  A,  and  its  action  thus  interfered  with.  The 
full  effect  of  the  acid  can,  therefore,  never  be  obtained,  as  can  be  done 
with  the  apparatus  first  described. 

Drying  of  Gases. — The  hydrogen,  which  can  in  this  way  be 
obtained  in  any  desired  quantity,  is  not  quite  pure,  since  it  takes  up 
water  vapour  from  the  aqueous  liquids  in  the  presence  of  which  it  is 
I produced.  To  free  it  from  this,  the  gas  is  passed  over  substances 
which  retain  the  water.  There  are  many  such  desiccating  agents. 
One  of  the  most  convenient  is  calcium  chloride,  a white,  very  hygro- 
scopic salt  which  is  formed  as  a waste  secondary  product  in  many 
chemical  manufactures,  and  is,  therefore,  very  cheap.  A tube  is  filled 
with  this  salt  and  placed  in  the  path  of  the  hydrogen,  the  simplest 
way  being  to  attach  the  tube  directly  to  the  generating  apparatus,  as 
Indicated  in  Figs.  22  and  24. 

Concentrated  sulphuric  acid  is  another  and  much  more  effective 
desiccating  agent.  Since  this  is  a liquid  it  is  either  placed  in  a wash- 
bottle  (Fig.  25),  in  which  the  gas  is  made  to  bubble  through  the  liquid, 
ir  spread  out  over  some  material  which  has  a large 
surface  and  is  not  attacked  by  the  acid,  such  as  broken 
*lass  or,  better,  pumice-stone..  It  can  then  be  placed 
ike  a solid  substance  in  tubes,  and  in  this  case  one 
nust  only  bear  in  mind  that  the  volume  of  the  acid 
ncreases  through  its  attracting  water  and  flows  down 
0 the  lowest  parts  of  the  apparatus.  A collecting- 
chamber  for  this  acid  must,  therefore,  be  provided. 

.n  Fig.  26  is  shown  a drying-tower  which  is  intended 


or  large 


of 


gas, 

also 


and  which 
be  used 


fulfils  these 
for  calcium 


quantities 

requirements ; it  can 
hloride. 

Besides  the  aqueous  vapour,  the  hydrogen  fre- 
piently  contains  also  very  fine  drops  of  the  liquid 

tom  which  it  has  been  evolved  (p.  84).  These  pass  „ , 

)Ottles,  but  are  retained,  with  certainty,  by  a plug  of  cotton  wool. 
Other  impurities  which  are  usually  contained  in  the  hydrogen  will 


Fig.  25. 


through 


wash- 


iot  occupy  us  here,  since  they  are  mostly  of  no  account  for 


the 


* 


Q,ddo 

U/joC 

POQ<? 


Fig.  26. 
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experiments  which  are  to  be  performed.  By  these  traces  of  ioreign 
substances,  only  the  fact  that  pure  hydrogen  is  completely  odourless, 

is  masked;  impure  hydrogen  has  a slight  odour, 

which  it  loses,  however,  by  appropriate  purifica- 
tion.1 

Physical  Properties  of  Hydrogen.  — I he 

most  conspicuous  property  of  this  element  is 
its  small  density;  of  all  known  substances 
it  has,  as  has  already  been  said,  the  smallest 

density.  . 

If  a flask  of  about  a litre  capacity,  closed 

by  a stopper  and  good -fitting  glass  tap,  be 
weighed,  first  filled  .with  air  and  then  evacuated,  a 
difference  of  weight  of  rather  more  than  1 grn. 
is  found.  If  the  exhausted  flask  be  filled  with 
hydrogen  under  atmospheric  pressure,  the  increase 
of  weight  amounts  to  only  about  OT  gm.— if  i 

anything,  rather  less.  This  shows  that  hydrogen  . 

is  at  least  ten  times  as  light  as  air.  By  exact  experiment  the  ratio 

W f°On' tompariniae  weights  of  like  volumes  of  oxygen  and  hydrodn 
at  0°  and  under  a pressure  of  76  cm.,  the  ratio  is  found  *■  ■ 

16  Since8  1 ec  of  oxygen  under  normal  conditions  weighs  0 001429  s 
cm.  r weight  of  fee.  of  hydrogen,  or  its  absolute  density  under 

normal  conditions,  must  be  0 0000900.  , for  the  two. 

Molar  Weight. — This  ratio  holds,  m the  first  place,  foi  the 
oasef  under  normal  conditions.  On  account,  however,  of  the  iden^r 

nf  the  laws  of  pressure  and  temperature  m the  case  of  all  a 
fun  68  and  69),  it  remains  unchanged  when  the  densities  of  oxygen  an 
SdrogeT are  compared  at  any  pressure  and  temperature,  sup^n*. 

l A, i hath  aases  are  at  the  same  temperature  and  pressure.. 
When  therefore,  the  weight  of  a gas  at  any  pressure  and  temperatra# 
k^comparedwith  that  of  the  same  volume  of  a £ 

* tr^liormrgas  there  is  taken  not  an  actual  — £ 

StateTheemtio  of  the  weight  of  a given  gas  to  that  of  an 

of  the  normal  gas  under  the  same  conditions,  is  called  its  mUM 

. The  purification  can  be  effected  by  means  of  potassium  permanganate  c.ntam— 
a wash-bottle  through  which  the  gas  passes. 
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weight  or  its  molar  weight.  Since  the  former  name  has  been  derived 
from  certain  hypothetical  notions  regarding  the  constitution  of  the 
gases,  notions  which  are  not  essential  to  the  actual  facts,  we  shall  give 
preference  to  the  name  molar  weight  although,  at  present,  the  other 
is  still  the  one  most  used. 

Since  the  normal  gas  is  taken  as  32  times  lighter  than  oxygen,  its 
; absolute  density  under  normal  conditions,  i.e.  at  a pressure  of  7 6 cm. 
and  0°,  is  equal  to  0-00004466  gm.  and  its  extensity  to  22400  cc. 
Both  numbers  are  of  great  importance  and  find  manifold  ajjplication. 

The  molar  weight  of  a gas  is  got,  therefore,  by  dividing  its 
j weight  G by  the  weight  of  an  equal  volume  v of  the  normal  gas  under 
the  same  pressure  p and  at  the  same  temperature  t.  This  weight  g is 
found,  according  to  the  formula  on  p.  72,  to  be 


g = 0-00004466 


pit 


76(1  + 0-00367*) 


The  volume  is  here  measured  in  cc.  and  the  pressure  in  cm.  mercury. 
If  G is  the  weight  of  the  gas,  the  molar  weight  is,  according  to 
definition,  G jg,  or,  introducing  the  value  of  g,  the  absolute  temperature 
T = 273  + *,  and  collecting  all  numerical  factors, 


molar  weight  = 6232 


TG 

pv 


According  to  definition  the  molar  weight  of  oxygen  is  32.  From 
the  data  given  above  for  hydrogen,  it  follows  that  the  molar  weight 
of  hydrogen  is  2 '01 6. 

The  molar  weight  of  a gas  can  also,  according  to  this,  be  regarded 
as  the  weight  of  that  amount  of  gas  which  occupies  the  same  volume 
v,  under  the  same  pressure  p and  at  the  same  temperature  t,  as  1 gm. 
of  the  normal  gas.  From  the  equation  pv  = rT  or  pv/T  = r,  we  see 
that  the  constant  r depends  only  on  the  pressure,  volume,  and 
temperature ; it  assumes,  therefore,  the  same  value  for  different 
gases,  when  these  magnitudes  are  equal.  From  the  definition  of 
molar  weight  just  given,  it  therefore  follows  that  the  constant  r must 
have  the  same  value  for  a molar  weight  of  any  and  every  gas,  independent 
of  its  nature.  The  constant  referred  to  the  molar  weight  is  called  R. 

To  calculate  the  value  of  this,  we  apply  the  equation  pvj T = R to 
the  normal  gas  at  0'  and  under  atmospheric  pressure.  In  this  case, 
v-  22400  cc.,  1013130  in  absolute  units  (p.  67),  and  T = 273. 
Hence  R = 8*31  x 10'  in  absolute  units.1  The  equation 

pv  = RT  = 8'31  x 107T 

holds  good,  therefore,  for  a molar  weight  of  any  and  every  gas. 

1 If  the  pressure  is  reckoned  in  atmospheres,  » = 1 and  R = 82'l.  If  n is  reckoned 
measure.'1  1 ^ Cm'  (P'  67)  ^ R = 8'48  X Tt  is  best  to  ke«P  to  absolute 
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* It  must,  however,  be  noted  that  the  general  gas  law,  as  well  as 
its  part-laws  (that  of  Boyle  and  of  Gay-Lussac),  is  'not  entirely  exact. 

On  the  contrary,  all  gases  deviate  more  or  less  from  it,  the  deviation 
being  all  the  smaller  the  more  dilute  the  gases  are.  We  are  dealing 
here,  therefore,  with  a “limiting  law ” (p.  20),  to  which  the  actual 
substances  approximate,  but  which  they  never  entirely  lulfil. 

* Under  ordinary  conditions  of  temperature  and  pressure,  these 
deviations  are,  in  the  case  of  most  gases,  small  and  amount  to  scarcely 
one-hundredth  of  the  theoretical  value.  A gas  which  would  completely 
obey  the  law  pv  = RT,  is  called  an  “ ideal  gas.”  The  normal  gas  above 

mentioned  is  assumed  to  be  an  ideal  gas. 

* Since,  formerly,  the  densities  of  gases  were,  almost  exclusively, 
referred  to  the  density  of  air  as  the  unit,  it  is  necessary  to  establish  . 
the  ratio  of  our  molar  weight  to  these  numbers.  Now,  a litre  of  air 
weighs  1-293  gm. ; it  is,  therefore,  28‘9  times  as  heavy  as  the  normal 
gas°  To  calculate  the  molar  weight  from  a density  referred  to  air, 
the' latter  must  be  multiplied  by  28'9;  in  the  reverse  case,  the  number 

must  be  divided  by  28-9. 

Experiments.— The  small  density  of  hydrogen  can  be  demon- 
strated  in  various  ways.  A small  balloon  of  colled, urn  goldtatos 
skin,  or  caoutchouc,  is  filled  with  hydrogen  and  allowed  to  go  fiee 
Since  hydrogen  is,  in  round  numbers,  fourteen  times  as  light  as  he 
displaced  air,  it  experiences  a corresponding  upward  force  arnoun  g 
i about  1 gm.  for  every  litre,  and  the  balloon  therefore  quickly 
ascends.  The  same  thing  can  be  shown  by  blowing  soap-bubbles 

with  hydrogen  and  allowing  them  to  ascend. 

Thl  property  is  made  use  of  on  the  large  scale  for  making 
aerial  balloons,  which  are,  essentially,  bags  of  silk  rendered  air-tight 
and  filled  with  hydrogen.  The  total  load  which  such  a baHoon  can 
carry  (inclusive  of  its  own  weight)  is  found,  according  to  what  fm 
been  Led,  to  be,  in  round  numbers  1 kilogm.  for 
This  holds  however,  only  in  the  neighbourhood  of  the  eaiths  surface 
tire  higher  one  ascends,  the  less  dense  does  the  a,r  beeome  and  the 

less  f hydrogen  can  be  demonstrated  in  another  way; 

Two  g L eylWors  are  filled  with  the  gas  over  water 
in  anVight  position  one  wMr  the 

the  mouth  downwards  (Fig.  27).  It,  alter  a tew  mom  , 
brought  near  both  cylinders,  the  inverted  one  will  be  found  to 
filled  with  hydrogen  while  the  other  contains  only  am 

-Rphaviour  of  Hydrogen  at  Higher  nessureb.  f 

Behaviour  y s Qf  a]1  known  substances,  approximates 

pei ties  as  . g \ gaseous  state.  On  closer  investigation, 

towever  ^deviation  is  found, . such  that  with  increasing  „ yd- 

volume  of  hydrogen  diminishes  less  tharr  it 

to  Boyle’s  law.  This  deviation  increases  as  the  pressure 
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: greater,  following  a very  simple  law  which  can  be  expressed  as 
follows. 

The  total  volume  of  hydrogen  is  madq  up  of  one  part  which 
strictly  follows  Boyle’s  law,  and  of 
another  part  which  is  independent 
of  the  pressure.  Denoting  the 
total  volume  by  V,  and  that  part 
which  obeys  Boyle’s  law  and  for 
which,  therefore,  at  constant  tem- 
perature, the  equation  pv  - C 
holds  good,  by  v,  and  denoting 
by  b the  other  part  which  is 
independent  of  the  pressure,  we 
have  Y — v + b.  Substituting  for 
v in  the  equation  pv  = C its  value 
Y - b,  we  obtain  p(V  - b)  = C as 
the  expression  for  the  behaviour 
of  hydrogen  at  all,  and  especially 
at  high,  pressures. 

A clear  picture  of  the  substance 
of  this  law  can  be  got  by  imagining 
the  hydrogen  to  consist  of  small 
particles  of  greater  density,  between 
which  is  an  empty  space.  The 
latter  would  obey  Boyle’s  law,  while  the  former  would  represent  the 
incompressible  part  of  hydrogen. 

In  the  case  of  hydrogen  at  0°  and  under  atmospheric  pressure,  the 
value  of  b amounts  to  0-00062  of  the  total  volume. 

The  equation  p(V  — b)  = C shows  that  the  diminution  in  A^olume  is 
smaller  the  more  the  pressure  increases,  and  that  when  the  pressure 
is  veqv  high,  can  be  only  slightly  greater  than  b.  In  this  case, 
hydrogen  behaves  almost  like  a liquid,  for  a liquid  also  has  the 
propertjr  that  its  volume  only  slightly  diminishes  with  great  increase 
)f  pressure. 

In  the  case  of  the  other  gases,  the  deviations  from  the  law 
ov  ~ . T are  generally  such  that  the  gases  are,  at  first,  more  com- 
pressible than  according  to  Boyle’s  law.  At  very  high  pressures 
aowever,  they  all  behave  similarly  to  hydrogen. 

Liquid  Hydrogen.  By  the  application  of  very  effective  cooling1 
irrangements,  the  principle  of  which  has  been  pointed  out  on  p.  77,  it 
ias  recently  become  possible  to  observe  hydrogen  in  the  liquid  state 
•t  appears  as  a colourless  liquid,  the  density  of  which  at  its  boilin^ 
0°'nt  ls  only  0'07,  but  which,  nevertheless,  forms  a quite  visible 
id  exhibits,  in  all  respects,  the  behaviour  of  a liquid  substance, 
i boils  under  atmospheric  pressure  at  - 252-5°,  or  only  20-5° 
absolute  zero;  by  allowing  it  to  boil  under  reduced  pressure 


urface  a 
lydroge 
■hove  tlr 
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this  temperature  can  only  be  slightly  lowered.  At  this  temperature, 
all  liquids  and  gases  1 (oxygen  and  air  as  well)  are  transformed  into 
solid  bodies,  the  vapour  pressure  of  which  is  exceedingly  small.  I m, 
for  example,  if  the  closed  end  of  a bent  tube,  filled  with  air,  be  placed 
in  a vessel  of  liquid  hydrogen  (Fig.  28),  the  upper  part  at  once 
becomes  free  from  air  and  shows  a vacuum  such  as  can  scarcely  be, 

obtained  with  the  very  best  pumps. 

Diffusion— If  two  cylinders  with  even-ground,  broad  11ms  ie 

placed  air-tight  on  one  another  with  the  help  of  a little  grease  (Fig.  -• ), 


after  the  upper  one  has  been  filled  with  hydrogen  one  would  expe| 
that  the  lighter  hydrogen  would  remain  above  and  leave  the  h 
!r  underneath  If  however,  on  the  following  day,  the  two  cylinder,  ■ 
be  carefully  separated  from  one  another  and  mime  iate  >’  c 0®  d 

S "fc 

both  cylinders  takes  fire,  and  the  pale  hydrogen  flame  rushes  vi 

whistling  noise  along  both  cylinders.-  . mother  is  called 

This  mutual  spreading  of  the  gases  into  o t\ 

diffusion.  It  is  a quite  universal  phenomenon , all  gases 


i With  the  exception  of  helium  ; ofc  P- • «,  footnote  Tr.  phenomena  than 

nsnll^o^i^^  pW  in  detail.  . 1 
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one  another  and  the  diffusion  goes  on  until  each  gas  is  uniformly 
distributed  throughout  the  whole  space. 

Dalton’s  Law  of  Partial  Pressures.— Different  gases,  therefore, 
which  are  present  in  the  same  space,  behave  as  if  each  were  there 
alone,  for  each  separately  obeys  the  law  that  in  a given  space  a gas  is 
not  at  rest  until  it  fills  the  space  uniformly.  For  gaseous  equilibrium, 
therefore,  not  the  total  pressure,  but  for  each  gas  only  its  partial  pressure, 
i.e.  the  pressure  which  it  would  exert  if  it  alone  occupied  the  space,  is  of 
account. 

This  is  a fact  of  great  importance,  since  many  other  phenomena 
exhibited  by  gases  are  determined  by  the  partial  pressures  of  these. 
Thus,  for  example,  the  partial  pressure  is  the  determining  factor  for 
gaseous  equilibrium  in  chemical  processes,  which  will  be  considered 
later. 

In  order  to  express  these  relations  for  the  purpose  of  calculation, 
one  has  only  to  take  into  account  that  the  total  pressure  of  a gaseous 
mixture  is  the  sum  of  the  partial  pressures,  and  that  each  gas  present 
is  uniformly  distributed  throughout  the  space,  the  total  volume  being, 
therefore,  equal  to  the  volume  of  each  gas.  If,  therefore,  P is  the 
total  pressure  and  V 
the  total  volume,  the 
values  for  the  single  gases 
being  denoted  by  pv  p.,, 

P3,  ■ ■ ■ and  vv  v2,  v3,  . . . 
we  have  the  equations 

P1+P2+P3  + . • • =P 
and  v1-v2  = vs=  ...  = Y. 

The  law  of  partial  ' 
pressures  which  has  just 
been  stated  was  established 
by  Dalton  and  is  called 
after  him.  It  is  a special 
case  of  a more  general  law, 
according  to  which,  in  any 
given  gas  mixture  (the 
components  of  which  do 
not  chemically  interact), 
each  single  gas  behaves, 
with  respect  to  all  its 
properties,  as  if  it  were 
alone  present  in  the  total 
space  under  a pressure 
equal  to  its  partial  press- 
ure. We  shall  have  many  opportunities  later  of  becoming  acquainted 
with  individual  cases  of  this  general  law. 

Velocity  of  Effusion. — A cell  of  porous  clay,  such  as  is  used  in 


94 


PRINCIPLES  OF  INORGANIC  CHEMISTRY  chap. 


fi 


galvanic  batteries,  is  closed  by  a cork  through  which  passes  a glass 
tube  1 metre  long  (Fig.  30).  This  tube  dips  into  a vessel  containing 
(coloured)  water,  and  a beaker  is  inverted  over  the  clay  cell.  If,  now, 
a rapid  current  of  hydrogen  be  passed  into  the  beaker,  a stream  of 
bubbles  is  seen  to  pass  out  of  the  lower  end  of  the  tube,  which  shows 
that  the  pressure  in  the  interior  of  the  cell  has  suddenly  increased. 

In  a short  time  this  ceases  and  equilibrium  is  established. 

If  the  beaker  be  now  removed,  the  water  ascends  just  as  quickly 
in  the  tube,  a sign  of  decrease  of  pressure  in  the  cell.  The  water 
attains  a certain  height  and  then  sinks  again,  since  the  porous  cell  j 
cannot  maintain  a permanent  difference  of  pressure. 

These  phenomena  are  due  to  the  fact  that  hydrogen  passes  much 
more  rapidly  than  the  other  gases,  e.g.  air,  through  small  openings 
such  as  the  pores  of  the  clay  cell.  A\  hen,  therefore,  the  cell  is  J 
surrounded  with  hydrogen,  as  in  the  first  part  of  the  experiment,  this  . 
(ms  penetrates  rapidly  into  the  interior,  since  its  partial  pressure  there  j 
is  zero.  For  the  same  reason,  the  air  passes  at  the  same  time  out  of 
the  cell  into  the  hydrogen  outside.  The  movement  of  the  hydiogen  J 
takes  place,  however,  much  more  quickly,  and,  therefore,  an  excess  of 
pressure  is  produced  in  the  interior  of  the  cell,  which  drives  the  air  ’ 
out  of  the  tube  in  bubbles.  Equilibrium  occurs  when  the  gases  on 
both  sides  of  the  cell-wall  have  the  same  composition. 

If,  now,  the  external  hydrogen  is  removed,  the  same  processes  are  ■ 
repeated  in  the  reverse  sense ; the  hydrogen,  on  account  of  the  differ-  ■ 
ence  of  the  partial  pressures,  passes  outwards,  and  it  does  so  more 
quickly  than  the  air  can  penetrate  inwards ; hence  the  diminution  of  t 

^ * Differences  of  velocity,  similar  to  those  which  are  here  found  in  . 

the  case  of  effusion  through  the  pores  of  the  clay,  are  seen  in  the  case 
of  the  diffusion  of  two  gases  into  one  another,  without  a separating  J 
partition.  Both  kinds  of  movement  are,  indeed,  similar,  but  we  are  i 
not  dealing  with  quite  the  same  phenomenon  in  both  cases  \V  e shall 
only  remark,  generally,  that  hydrogen  diffuses  more  rapidly  than  al 
other  gases,  and  that  the  velocity  of  diffusion  is,  m general,  all  the! 

smaller,  the  greater  the  density  of  the  gas.  . 

* The  Law  of  Effusion  of  Graham  and  Bunsen.— The  expen- 

ment  on  the  differences  of  the  velocity  of  effusion  of  gases  m the  fern 
we  have  just  been  considering,  is  not  suitable  for  quantitative  deter- 
minations.  The  following,  however,  is  a suitable  form. 

The  apparatus  in  Fig.  31  is  a gas-measuring  tube  set  m a Liquid 
L 1 1 ...  U „muiv  Anri  till  ATP.  is  a tap. 


J ilG  ajjydlctius)  in  J-  o ^ i 

and  having  two  marks  mx  and  m2.  At  the  upper  end  there  is  a - taj. 


which!  however"  does  not  open  free"  into  the  air  but  into  a sP^ce  clos#| 
by  a thin  platinum  plate  pierced  with  a fine  hole  If  the  tube  filled* 
to  somewhat  below  the  mark  >nx  with  gas  and  the  tap  opened  t 
is  forced  through  the  fine  opening,  and  the  time  can  be  noted  ninth 
elapses  till  the  liquid  passes  from  the  lower  to  the  higher  maik. 
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If  mercury  be  used  as  the  liquid,  the  lower  mark  cannot  be  seen 
in  the  case  of  the  arrangement  shown  in  Fig.  31.  In  this  case  a 
U-tube  is  used,  as  indicated  in  Fig.  32. 

If  the  experiment  is  carried  out  with  different  gases  under  the 
> same  conditions,  it  is  found  that  the  times  of  effusion  of  equal  volumes 
through  the  same  opening  are  to  one  another  as  the  square  roots  of 
the  densities.  In  other  words,  the  velocities  of  effusion  are  inversely 
proportional  to  the  square  roots  of  the  densities. 

This  law  and  the  apparatus  described  can,  therefore,  be  made  use 


of  for  the  purpose  of  measuring  the  ratios  of  the  densities  of  different 
gases.  This  method  is  employed  in  coal-gas  works,  because  conclusions 

;an  be  drawn  as  to  the  value  of  the  gas  from  determinations  of  the 
tensity. 

The  law  just  stated,  which  was  discovered  by  Graham  and  Bunsen 
jan  be  derived  by  the  principles  of  dynamics  from  the  conditions  of 
:xpenment.  The  enclosing  liquid  performs  in  all  the  experiments 
•he  same  amount  oi  work,  filling  up,  by  reason  of  the  existing  excess 
pressure,  the  space  between  the  two  marks.  This  work  is  converted 

oimnln6  i bn2etlC,  energy  ofi  the  g^.  The  latter  is  represented  by  the 
mula  2 me  , where  c is,  the  velocity  and  m the  mass  (p.  23)  If  we 

HP  gases  which  we  distinguish  by  1 and  2,  we  must  have 


b'-Vq 


= D«-2c2“. 


° — “ -v  * -i,  wc  must  nave 

lhe  densities  d are  proportional  to  the  masses,  equal 
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volumes  being  used  in  the  experiments  ; we  therefore  have  d.2c*  or 


\ : c2  = Jd2  : sjdv 


* The  Spectrum  of  Hydrogen.— When  electrical  discharges  are  , 
allowed  to  pass  through  a glass  tube  containing  hydrogen  under  a 
pressure  of  a few  millimetres  of  mercury,  the  hydrogen  becomes 

incandescent  and  emits  light.  , f f Kuf.wtl 

The  experiment  is  usually  earned  out  m tubes  of  the  form  show* 

Fie  33  Into  the  wider  portions  platinum  wires  are  sealed  winch 
effect  the  conduction  of  the  electric  current  In  the  narrower 
portion  between,  where  the  current  is  condensed  to  a small 
cross-section,  the  hydrogen  glows  most  strongly. 

The  light  emitted  by  hydrogen,  made  to  glow  electric*  y, 
appears  rose-red  to  the  naked  eye.  If,  however,  tlie  streak  of 
light  he  viewed  through  a prism  held  with  the  refracting  edge  I 
mrallel  to  the  streak,  not  one  line  hut  three  separate  lines, 
Tred  a green,  and  a violet,  are  seen.  The  last  is  the  most 

diffiThL°phenomeeno„  is  due  to  the  fact  that  the  different : 
kinds  of  light  on  passing  through  a prism  are  Reflected  to 
„ varyino-  extent.  The  appearance  of  three  separate  lines  s,  . 
therefore  a proof  that  the  hydrogen  light  consists  of  three 
kinds  o?’  rays-red,  green,  and  violet.  This  light  behave  : 
differently  from  that  which  comes  from  ordinary  flames  and 
glowing  bodies  for  if  the Jarier  be  viewed  through  a pn;m 

^ ^lIpSLTie0^;  represented  side  hy  sit 

F‘°'S  all  possible  kinds  of  light  from  red  to  ™let.  . 

The  appearance  of  t ese  ^stance  The  same  lines  also  appear  ■ 
which  is  possessed  by  no  othei  substa  • other  and  their 

when  hydrogen  is  mace  o em.  » ^ of  other  substances  so 

appearance  is  not  prevenreu  y £ . the  pvdrogen  into  other 

lh“rCes%hf“specUum  of  hydrogen,”  are  an  excellent  entenon  for 

its  presence  in  a glowing  Qn]  the  terrestrial  hydrogen; 

In  this  way  one  cai  » so-called  protuberances  of  the 

wHeh  - 

£ * 

the  sun,  and  that  it  occms  m ® * b recognised  in  the  spectrum  o 
The  hydrogen  hnet , car light  effect  peeulia. 

nC'be™  slown  to  bo  distributed  throughout  the  whole  o 
space. 
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The  ordinary  light  of  the  sun  and  of  many  stars  exhibits  black 
jg  lines  at  exactly  the  same  points  of  the  spectrum  at  which  the  hydrogen 
I lines  appear  bright.  Both  kinds  of  lines  are  very  closely  related  to 
1;  one  another.  At  a later  stage  we  shall  enter  in  detail  into  the  relation 
Si  between  them ; we  would  only  mention  here  that  these  black  lines 
jy  prove  the  presence  of  hydrogen  with  the  same  certainty  as  the  bright 
ones.  It  is,  indeed,  the  same  phenomenon  appearing  under  different 
§j  conditions. 

Hydrogen  burns  to  Water. — As  a test  for  hydrogen,  its  com- 
bustibility  in  air  has  been  used.  The  question  as  to  what  thereby 
B]  becomes  of  the  burning  hydrogen  can  be  answered  with  the  knowledge 


we  have  already  gained.  We  have  seen  that  iron  and  sodium,  by 
acting  on  water,  pass  into  oxygen  compounds,  whereby  hydrogen  is 
1 ormed.  According  to  this,  water  is  a compound  of  hydrogen  and 
ocygen,  and  since  combustion  consists  in  a combining  with  oxygen  we 
hould  expect  water  to  be  the  product  of  the  combustion  of  hydrogen, 
s a matter  of  fact,  we  can  convince  ourselves  by  direct  experiment 
Hat  water  is  the  product  of  combustion  of  hydrogen. 

If  a large  dry  beaker  be  held  over  the  flame  of  burning  hydrogen 
ew  IS  quickly  formed  which  looks  exactly  like  the  film  of  moisture 
■n  a cold  window-pane,  and  behaves  like  it.  Special  arrangements 
necessary  ff  it  is  desired  to  collect  the  water  in  larger  quantities, 
in  *ig.  34  a burner  is  represented  (cf.  p.  102)  in  which,  by  means 
f pure  oxygen  conveyed  to  it,  hydrogen  can  be  burned.  Since  large 
mounts  of  heat  are  hereby  produced,  the  burner  is  placed  in  a wide 

H 
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glass  flask  which  can  be  cooled  by  surround.., g it -with water  If  h« 
apparatus  is  put  in  action,  a few  cc.  of  a colourless  liquid  soon  collect, 

which,  ill  all  its  properties,  shows  itself  t0  ,,ef 'oxv  Jen' Compounds  - 

Combustion  of  Hydrogen  by  means  of  Oxy gen  Compounas. 

F„r  the  formation  of  water  it  is  not 


com- 


; 


u^lU6n- , oxygen 
pounds,  or  oxides,  can  also 
be  used  for  the  purpose. 

If  hydrogen  be  passed  over 
oxide  of  mercury  placed  in 
a bulb-tube  (Fig.  35),  no 
action,  certainly,  takes  place 
at  ordinary  temperatures ; 
so  soon,  however,  as  the 
oxide  of  mercury  is  slightly 
heated  metallic  mercury 
makes  its  appearance,  and  : 
water  is  deposited  on  the'.- 
colder  parts  of  the  tube,  . 
first  as  dew,  and  then  in 
small  drops. 

Quite  similar  phenomena 
are  observed  when  the. 
oxides  of  other  metals  are- 
used  in  place  of  oxide  of 
in  a current  of  hydrogen 

• i f 1 m d nil  I nO 


I 


mercury.  By  heating  oxk1“  fn Jf^-phe  oxide  "of  lead,  under  'the. 
metallic  lead  and  water  are  obtained.  1 . , ti  „ metallic- 

name  of  litharge,  is  obtained  m ^ o^gen  comained  in 

lead  in  air,  the  lead  hereby  eombinmg  w^  he  oxy g 

*«  h^dTSdm  trS  metaL  cop^r  and  water  are 

in  air,  is  heated  m nya  a > , for  the  purpose  of 

produced.  Hydrogen  may,  er  Tfiis  method  finds  nc 

obtaining  the  metals  from  ^ there  are  cheaper  means  o: 

:S,gThe°same  St?  for  scientific  work,  however,  such  methjds 

are'rQ"«rrPrOTe8Ss!-The  processes  we  have  just  describe.; 
take  place  according  to  a ^heme  ^troISly th?tSy?epr<lnx 

displacement  of  a metal  from  its  oxide  b; , 

hydrogen  (p.  82).  to  ask  whether  hydrogen  will  not  ala 

It  is  therefoi  e o , -previous  experiment  i( 

displace  the  iron  from ““J ,°  0f  iron  -m  place  of  oxide  of  mercury . 
repeated,  using,  lion  ever,  - matter  of  fact,  observed.  Y at( : 

quite  similar  phenomena  are,  as  a matter 
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again  makes  its  appearance,  and  the  oxide  of  iron  passes  into  iron. 
This,  it  is  true,  does  not  look  like  ordinary  iron,  but  has  the  appear- 
ance of  a black  powder.  This,  however,  is  due  only  to  the  fact  that 
the  melting  point  of  iron  is  much  higher  than  the  temperature  which 
ds  reached  in  the  bulb ; the  iron  particles,  therefore,  cannot  unite  to  a 
coherent  mass.  It,  however,  after  cooling,  the  contents  of  the  bulb 
are  taken  out  and  rubbed  with  a smooth,  hard  object,  the  metallic 
lustre  and  the  grey  colour  of  iron  are  seen. 

The  interaction  between  iron  and  aqueous  vapour  can,  therefore, 
Ibe  reversed,  and  it  we  write  a chemical  equation  in  the  form 


Iron  + water  vapour  = iron  oxide  + hydrogen, 


t can  be  read  in  both  directions,  the  substances  on  the  left  being 
capable  of  being  converted  into  those  on  the  right,  as  well  as 
j '0llversely.  Indeed,  more  exact  investigations  have  shown  that  both 
>f  these  opposed  reactions  can  take  place  at  the  same  temperature. 

The  Chemical  “Forces.” — Such  a behaviour  is  contradictory  to 
| he  notions  about  “displacement,”  indicated  on  p.  84. 

In  the  sense  of  this  theory,  the  force  between  iron  and  oxygen 
I oust,  according  to  the  experiment  described  on  p.  82,  be  greater  than 
hat  between  hydrogen  and  oxygen,  because  iron  decomposes  the 
fater-  Conversely,  according  to  the  experiment  on  p.  98,  the  force 
between  hydrogen  and  oxygen  is  greater  than  that  between  iron  and 
xygen,  because  hydrogen  decomposes  the  oxide  of  iron 

Since  it  is  impossible  for  both  propositions  to  be  correct  at  the 

fe  beX’lse.  ° °WS  the  the°ry  Which  leads  t0  these  Propositions 

Mass  Action.— As  a matter  of  fact,  the  investigation  of  this  and 
U mik!  cases  has  shown  that  not  only  the  nature  and,  say,  the  tem- 
P ture  are  the  determining  factors  for  the  occurrence  of  a chemical 

L r b!  ,a  s°  the  r:\tl°  °f  the  ^Stances  present  to  the  given  volume  or 
he  concentration,  as  well.  In  the  nresent  / mmme  or 

i the  iron  till  „ „ _ • present  case,  the  water  vapour  acts 

tne  iron  till  a certain  amount  of  it  has  been  converted  into 

hogen  and  a definite  ratio  between  the  hydrogen  and  the  water 
Uo„r  obtams  Conversely,  iron  oxide  is  dimmed by  hyd  ”en 
1 a definite  ratio  is  established  between  the  hydrogen  remaining 

a 

K Sr:;:!  ^rvc'':rdins  to  this 

.0  dependent  on  the  temperature  t10  ‘S’  m°re0Ver’ 

L lle  !un0  apparently  opposed  experiments  of  p.  82  and  n 98 
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water  vapour  it  contains,  which  separates  out  in  the  liquid  state,  and 

“d 

a portion  of  it  combines  with  the  oxygen  of  the 
another  portion  of  the  hydrogen  . jams  unchange A On  Pass  J 

— \leb"ng  hydrogen  Escape, 

ZZ:Jq  in  til  way  the  notion  arises  that  in  both  cases  entrre.y 

Chemical  Equilil-num! — Where  two  opposite  processes  mutually 

ennXium  In  many  cases  of  chemical  equilibrium,  however,  the 
:^n“  of'some  of  the 

SUfmprt  S ihf  rX 5S  if  the  reaction  took  place  only  in 

°M  fw  Ltorical  development  lies  buried  i»  ’ *?£  . 

. a given  temperature  chemical  eV^m™Qv  "al[pough  the  fact  that 
concentrations  of  the  reacting  su  s a • ^ exercise  an  important 

the  quantity  relations  of  the  already  known  for 

influence  on  the  chemiea  equi  1 n pefore  the  correct  form 

r « t«  oT“e 

ra^nfsuLtrcer^krTet^mrning  factor;  this,  however,  is  not 

the  case-  ofQtp  nf  pouilibrium  established  under  given : 

Let  us  now  suppose  a state  of  equ  1 ered— iron,  iron  oxide, 

conditions  between  the  substances  fl  partition  into  the 

hydrogen,  and  aqueous  vapour.  s0  that  a part  of 

vessel  in  which  the  above  subs  anc  « ’ substances;  no. 

the  mixed  gases  is  shut  off  from  “""'^eed.  For  the  gases.- 
change  in  the  equilibrium  can  and  with  the  solid  substances  - 

were  in  equilibrium  with  at  every  point,  and 

and  equilibrium  in  a umfoiiii  y f h e filled.  By 

cannot,  therefore,  be  dependent  on  the  sme  . “L*, Amount  of  the 
the  separation  here  imagined,  is  Ranged.  The  absc- 

gases  in  equilibrium  for  the  equilibrium, 

lute  amounts  cannot,  theretoi  , separated  m th 

By  the  separation  « % 

same  proportions,  since  t y . \ u have  taken  place.  PJ 

• 1 " “*>  “f  tta  — of  * 

«*“*»  f’r the  quaf 
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relations  is  got,  not  by  representing  them  by  the  non-essential,  absolute 
amounts,  but  by  the  amounts  present  in  unit  volume,  or  the  concentrations 
of  the  gases  or  vapours  present.  This  is  the  expression  which  we 
chose  to  start  with,  and  we  again  see  from  this  example  of  what 
importance  the  proper  choice  of  magnitudes  is,  by  which  we  express 
the  laws  of  nature.  In  fact,  the  development  of  the  theory  of  chemical 
equilibrium  has  shown  itself  to  depend  on  the  fact  that  the  concentra- 
tion (formerly  called  active  amount)  was  introduced  as  the  determining 
factor  after  various  unsuccessful  attempts  had  been  made  to  find  the 
suitable  expression. 

Influence  of  Solid  Substances  on  Chemical  Equilibrium. — 

The  theorem  includes  as  well  the  special  law  that  the  amount  of  solid 
substances  has  no  influence  on  chemical  equilibrium.  For  the  concentration 
of  solid  substances,  i.e.  the  ratio  of  amount  to  volume,  can  scarcelv 
change  ; both  the  pressure  and  the  temperature  change  this  volume  to 
such  a small  extent  that  it  is  of  no  account  for  the  present  purposes. 

For  the  equilibrium  between  iron,  aqueous  vapour,  hydrogen,  and 
iron  oxide,  it  is,  accordingly,  quite  indifferent  how  much  of  the  two 
solid  substances,  iron  and  iron  oxide,  is  present,  and  in  what  pro- 
portions they  are  present. 

At  first  sight  this  law  appears  somewhat  strange,  and  was  formerly, 
indeed,  occasionally  held  in  doubt.  One  can  convince  oneself,  however, 
of  the  necessity  of  such  a law  by  the  same  course  of  reasoning  as' we 
have  just  employed  in  the  case  of  the  gaseous  portion ; if  equilibrium 
has  once  been  established,  it  cannot  be  altered  by  a spatial  separa- 
tion of  any  one  part  of  the  system  which  is  in  equilibrium  from  the 
other. 

Moieover,  we  have  already  met  with  more  simple  cases  of  the  same 
The  equilibrium  between  water  and  ice,  or  generallv,  between  a 
solid  substance  and  its  fused  foi'm  at  the  temperature  of  fusion,  is 
likewise  independent  of  the  amount  in  which  the  two  forms  are 
present  together.  The  same  holds  for  the  equilibrium  between  a 
liquid  and  its  vapour,  and  likewise,  also,  in  the  somewhat  more 
I complicated  case  of  the  equilibrium  between  a solution  and  the  solid 
substance  with  which  the  solution  is  saturated. 

. ^01>  all  these  single  laws  we  can  put  forward  the  general  expres- 
sion that  for  equilibrium  between  different  portions  of  the  same  system,  the 
absolute  amounts  of  these  portions  are  of  no  account,  but  only  the  concentra- 
tons  within  the  separate  portions. 

The  Oxyhydrogen  Flame. — The  large  amount  of  heat  set  free 
n the  combustion  of  hydrogen  causes  the  temperature  of  the  hydrogen 
ame  to  reach  a high  point.  In  the  case  of  combustion  in  air  the 
emperature  does  not  rise  so  high,  since  the  heat  is  distributed 

:^l:  ”xtresm  ^ “r  (p.-  63)'  Much  “«>>«•  temperatures 
tre  obtained  on  burning  hydrogen  m pure  oxygen. 

The  combustion  may  suitably  take  place  in  the  Daniell  burner  (Fig. 
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36)  This  consists  of  two  tubes  placed  one  within  the  other,  the 
mouth  of  one  being  placed  behind  that  of  the  other.  By  means  of 
suitable  connections  and  taps  hydrogen  may  be  led  into  tje  annular 
space  between  the  tubes,  and  oxygen  into  the  inner  tube.  If  hydrogen 
alone  be  first  allowed  to  pass  in,  it  burns  with  the  usual  pale  blue 
flame  at  the  expense  of  the  surrounding  air.  A platinum  wire  held  m 
the  flame  becomes  white  hot,  showing  that  even  tins  flame  is  fairly| 
hot;  the  wire,  however,  does  not  melt.  If  the  oxygen  tap  be  now 
opened  the  flame  becomes  smaller  and  brighter,  and  at  the  same  time 
a1  hissing  noise  is  heard.  If  a platinum  wire  be  now  brought  into 
Hie  flame  it  immediately  melts  with  scintillation.  A watch  spring 


I P 


i 'fa  Via!  and  burns  with  brilliant  scintillations,  .j 
Itote  are-resisting  minerals,  nreit  to  glassy  , 

maSSThe  temperature  ^ ' 

is  so  high  that  only  a few  subatances  ba  held  in  the  , 

One  of  these  few  substances  is  lime  U a 1 light.  Not  ■ 

"S  it  taXnWheld°a  considerable  time  does  the  spot  struck  by  < 
the  flame  show  signs  of  superficial the  pui-pose  both  of 

The  oxyhydrogen  flame  is  theiefoie^used  a‘bright  light, 

melting  difficultly  fusible  ,lnvofi  especially  for  melting  platinum; 

For  this  first  o^ff  Sarposes  with  the  magic 

the  lime-light  is  used  chiefly  f°  P oject ^ uge  ^ ^ 

lantern.  For  the  latter  puipo  ^ pressure  of  a hundred  atmo- 

^r'nwtohlom The)  have  for  some  time  been  placed  on  the 
market  (Fig.  37). 
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Detonating  Gas. — The  Daniell  burner  is  so  arranged  that  the 
■ two  gases  can  only  mix  immediately  before  they  are  burned.  If  it  be 
Jj  attempted  to  previously  mix  oxygen  and  hydrogen,  so  as 
(J  to  be  able  to  burn  them  from  a single  tube,  it  is  found 
4,  that  the  whole  stock  of  mixed  gases  instantly  takes  fire 
d and  combines  with  a loud  report,  the  vessel  usually  being 
au  shattered.  This  explosion  is  very  violent,  and  with  some- 
a what  larger  quantities  becomes  dangerous.  One  must, 

I:  therefore,  avoid  inflaming  mixtures  of  hydrogen  and  oxygen 
without  taking  suitable  precautions.  Such  mixtures,  called 
11$  detonating  gas,  are  always  formed  when  a freshly  charged 
i]  hydrogen  apparatus,  which  is  partially  filled  with  air,  is 
I put  in  use.  If  the  gas  which  is  first  evolved  be  collected  in 
9 small  tubes  and  brought  into  contact  with  a flame,  the 
I first  samples  behave  like  air  and  exhibit  no  special  pheno- 
„ij  mena.  Soon  a gas  is  obtained  which  takes  fire  with  a 
H whistling  noise,  the  flame  rushing  into  the  tube.  These 
1 phenomena  first  become  more  marked  and  then  weaker, 

I and,  at  length,  whqn  all  the  air  has  been  driven  out  of 
:i  the  apparatus,  the  gas  burns  quietly  just  as  pure  hydrogen 
1 does. 

On  account  of  the  danger  of  an  explosion,  one  must 
i never  omit  to  test  in  the  above  manner  the  hydrogen 
» taken  from  a generator  or  gas-holder  which  has  stood 
some  time,  to  see  if  it  explodes.  Should  it  explode,  the  FlCf- 37  • 

I gas  must  be  allowed  to  stream  for  some  time  out  of  the  generator 
I until  a sample  in  a small  tube  is  shown,  by  its  combustion,  to  be  pure. 

* The  contents  of  a gas-holder  must,  without  fail,  be  rejected  if  they 
iii  have  assumed  explosive  properties. 


The  characteristic  property  of  the  explosive  mixture  is  seen  very 
clearly  by  preparing  a mixture  of  two  volumes  of  hydrogen  and  one  of 
):  oxygen,  and  passing  it  into  soap-water,  so  that  a froth  of  bubbles  filled 
I with  the  explosive  mixture  is  formed.  If  this  froth  be  set  on  fire 
I (after  the  rest  of  the  mixture  has  been  removed)  it  burns  with  a 
I report  like  the  shot  of  a gun. 

Further  Particulars  concerning-  the  Combustion  of  Deton- 
ating Gas. — While  at  comparatively  high  temperatures  the  combina- 
tion of  hydrogen  and  oxygen  takes  place  with  great  violence,  the  two 
gases  can  be  left  in  contact  with  one  another  at  room  temperature 

for  a very  long  time  without  chemical  action  taking  place  between 
them. 

This  behaviour  changes  when  certain  metals  are  introduced  into 
die  gas  mixture,  and  in  this  respect  platinum  (p.  59)  is  the  most 
ffective.  If  a piece  of  pure  platinum  foil  be  allowed  to  project  into  a 
ube  containing  the  explosive  mixture  standing  over  water,  the  volume 
if  the  gas  quickly  diminishes,  and  in  certain  circumstances  the  platinum 
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becomes  so  warm,  owing  to  the  heat  of  combination,  that  it  glows  and 

causes  the  explosion  of  the  mixture. 

Since  the  platinum  foil,  being  a solid  substance,  can  act  only  at  its 
surface  its  effect  increases  as  the  surface  is  enlarged.  Platinum  can 
be  obtained,  by  means  of  chemical  reactions,  in  a finely  divided,  spongy 
state.  Such  spongy  platinum  very  quickly  becomes  incandescent  in 

the  explosive  mixture  and  causes  an  explosion.  . # * I 

To  moderate  the  reaction,  the  spongy  platinum,  in  the  form  of  a 
powder,  is  mixed  with  clay  and  formed  into  balls.  The  mass  acted  on 
by  the  heat  produced  is  thereby  increased  and  the  temperature  kept 

lower ; these  balls,  therefore,  effect  a fairly 
rapid  formation  of  water  from  the  mixture 
of  oxygen  and  hydrogen,  but  not  ignition. 

An  apparatus  in  which  this  phenomenon  can  J 
be  well  shown  is  represented  in  Fig.  38. 

Many  other  metals  act  in  the  same  way  as 
platinum,  most  of  them,  however,  only  at  a 
somewhat  higher  temperature. 

The  platinum,  and  , no  less  the  other 
metals,  undergoes  no  change  during  this - 
action.  Also,  a given  small  quantity  of t 
platinum  can  convert  unlimited  amounts  of  t 
the  explosive  mixture  to  water ; the  action  . 
of  the  platinum,  therefore,  does  not,  as  in  the 
case  of  a chemical  combination,  take  place  in 
definite  proportions,  but  is  independent  o 
the  relation  between  the  amounts  of  the  gas  s 

mixture  and  the  platinum. 

Reactions  of  this  kind  occur  very  ie 
quently  in  chemistry.  Not  only  can  other 
gas-mixtures  be  caused  to  enter  into  ckemica  - 
reaction  by  means  of  platinum  and  other 
metals,  but  liquid  and  gaseous  substances* 

also  can  exert  such  actions  in  liquids  and  gas, 

" “ "f 

Unlt^T"or£  the  site  oi'having  a “short  designation  for  these 

The  substance,  thioug  ^ of  the  reaction,  is  called  the 

without  itself  passing  1 itself  is  called  catalysis, 

catalytic  substance  or  catahjs*.  The  P * recall  the  con 

To  gain  "o ^64  —gT  which  innutnerahl, 


FlO.  3S. 


sideration  put  tor  warn  uu  p-  . "1  ’ r nnscould  occur,  can  remain  ii 

::srxrr„ot:witZt  our  being  «.  ^ ^ 
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fAt  that  time  it  was  explained,  that  the  most  appropriate  interpretation 
:of  these  facts  is  that  in  all  such  cases  the  possible  chemical  reactions 
do,  as  a matter  of  fact,  take  place,  but  to  such  a small  extent  or  with 
such  slowness  that  they  cannot  be  detected  in  a measurable  time. 

The  following  shows  that  this  view  is  quite  compatible  with  the 
universal  experience.  By  time  measurements  of  the  progress  of  many 
chemical  reactions,  the  approximate  rule  has  been  obtained  that  the 
velocity  of  chemical  reactions  is,  on  an  average,  doubled  by  a rise  of 
10°  in  the  temperature.  That  is  to  say,  if  a reaction  at  a given 
temperature  requires,  say,  a quarter  of  an  hour  to  reach  a certain 
point,  at  a temperature  10°  higher  it  would  require  only  minutes, 
and  at  one  10°  lower  30  minutes.  If  the  temperature  is  lowered 
100°  a 210=1024  times  longer  period  is  necessary,  or  in  our  example, 
about  1 1 days.  On  descending  farther  50°  or,  on  the  whole,  only  the 
moderate  amount  of  150°,  it  would  be  a year  before  the  reaction  had 
proceeded  so  far  as  it  had  done  in  a quarter  of  an  hour  at  the  higher 
temperature. 

It  agrees,  therefore,  very  well  with  general  experience,  to  regard 
the  possible  chemical  reactions  in  the  cases  mentioned  as  actually 
occurring,  and  escaping  detection  only  through  their  very  small 
velocity.  So  also  the  height  of  a hill  or  the  form  of  a coast  appears 
to  us  as  something  definite  and  unchangeable,  although  we  know  that 
every  hill  is  unceasingly  becoming  lower,  by  the  gradual  falling  down 
)f  the  material  of  which  it  consists  into  the  valley,  and  that  every 
:oast  is  changing  its  shape  under  the  action  of  the  waves. 

Substances  by  whose  presence  slowly  occurring  reactions  are  accelerated 
we  designated  as  positive  catalysers.  Since  we  are  dealing  here  only  with 
Ranges  in  the  velocity  of  reactions  which  would  take  place  in  any 
■:ase,  these  catalytic  actions  lose  to  a great  extent  the  quality  of  un- 
expectedness which  at  first  sight  they  appear  to  have.1 

To  obtain  a picture  of  the  way  in  which  a catalyser  acts,  imagine  a 
vh eel- work  in  which  the  axles  move  with  great  friction,  as  a result, 
ay,  of  the  oil  having  become  thick,  and  which  therefore  runs  down 
>nly  very  slowly.  If  a little  fresh  oil  be  placed  on  the  axles  the 
vheel-work  forthwith  runs  down  much  more  quickly,  although  the 
vadable  tension  of  the  spring  (which  corresponds  to*  the  work  avail- 
ble  from  the  chemical  reaction)  is  in  no  way  altered  by  the  oil.  The 
ction  of  a catalyser  may  be  compared  with  that  of  the  oil  in  this 

espect,  and  also  with  respect  to  the  fact  that  the  oil  is  not  used  up  in 
ctmg.  1 

Y e shall  soon  have  an  opportunity  of  studying  other  peculiarities 
I catalytic  actions. 

'knowieS  the  I,ositive  catalysers  or  accelerators,  negative  catalysers  or  retarders  are 
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General  —The  product  of  the  interaction  of  oxygen  and  hydrogen, 
orThe  compound  of  these  two  elements,  has  shown  itself,  m all  mvestn 
cations  of  this  point  which  have  been  made  to  be  identical  i the 
water  which  we  find  so  very  widely  distributed  in  nature  In  accoid- 
li  ce  with  the  law  of  the  identity  of  the  properties  in  all  specimens  of  i 
a given  substance,  we  may  proceed  to  a scientific  investigation  of  water  r 
with  that  which  occurs  ready  formed  in  nature,  without  having  is  o 
nrenare  it  for  this  purpose  from  its  two  elements. 

1 Water  is  one  of  the  most  widely  distributed  substances  in  nature.  I 
Not  only  are  4ths  of  the  earth’s  surface  covered  with  liquid  water,  but  < 
our^  atmosphere  also  contains  enormous  quantities  of 
gaseous  state,  and  in  the  polar  regions  and 

water  takes  an  essential  share  in  the  t,r  h’^ace  is  ^eryd 

In  addition  to  this  the  solid  portion  of  the  earth is  surfac  ? 

where  nermeated  with  water;  water  is  indispensable  foi  the  W“»  i 
up  of  the  vegetable  and  animal  structures,  and  where  organic 

,een^gp^ationWof 6 Pure6 Water. — Naturally  occurring  water  » 
neve?  c?",°si, ice  it  *ays ~ * 
substances  and  partially  dissolves  the  . 1 P reas0n 

n>?rH:hr  ,rb.i 

SX?o°;4t?water  which,  towards 

temporarily  into  vapour.  1 . temperature  of  boiling 

wh^  the*  water  is  converted 
water,  100  , ana  tneieiu  ) pr  fpsneciallv  ammonia 

»*?  w — 

therefore, Almost' entirely  with  the  first  portions  of  the  vapour.  • 

to6 
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From  this  there  follows  the  method  to  be  employed.  \\  ater, 
i contained  in  a suitable  vessel,  is  caused  to  boil,  and  the  vapours  are  so 
^ cooled  that  the  condensed  water  can  be  collected  apart.  If,  when  volatile 
ye  impurities  are  present,  the  first  portions  are  rejected,  a water  is  obtained 
® which,  for  the  great  majority  ot'  purposes,  may  be  regarded  as  pure. 

This  process  is  called  distillation.  It  is  employed  not  only  for  the 
preparation  of  pure  water,  but  is  also  applied  to  many  other  prepara- 
tions, so  that  the  retort, 


the  apparatus  which  was 
formerly  most  largely  used 
for  this  purpose,  has  be- 
come the  symbol  for 
chemistry. 

The  arrangement  of 
a distilling  apparatus  de- 
pends on  the  sjiecial 
: purpose  for  which  it  is 
to  be  used,  and  especially 
on  the  amount  of  liquid 
to  be  distilled.  In  the 
laboratory  retorts  and 
Hasks  are  used  for  small 
| quantities. 

’ The  former  are  vessels 
with  elongated  necks  bent 
lownwards.  They  are 
isually  made  of  glass,  but 
-etorts  made  of  other 
material  are  also  used  for 
special  purposes.  The 
apours  are  conducted 

a 


Fig.  39. 


■hrough  the  neck  into 


flask  pushed  over  it,  the  receiver,  and 
ire  there  liquefied.  Since  the  receiver  becomes  strongly  heated  by 
he  heat  of  the-  vapour,  care  must  be  taken  to  keep  it  cool.  A 
imple  arrangement  of  this  kind  is  shown  in  Fig.  39. 

More  frequently,  especially  where  corks  may  be  used,  and  in  cases 
'here  the  temperature  of  the  vapours  has  to  be  measured,  flasks 
' ith  a side  tube  (Fig.  40)  are  used  for  distillation.  The  condensation 
f the  vapours  takes  place  in  a condenser,  which  has  usually  the  form 
■f  two  tubes  placed  one  inside  the  other.  The  vapours  are  passed 
nto  the  inner  tube,  and  into  the  space  between  the  two  tubes  water  is 
flowed  to  flow,  which  absorbs  the  heat  of  the  vapours.  To  make  the 
■est  use  of  the  water,  it  is  allowed  to  enter  at  the  foot  and  to  pass 
pwards  in  a direction  opposite  to  that  of  the  vapour.  In  this  way 
he  water  may  pass  almost  boiling  hot  out  of  the  upper  end  of  the 
ondenser,  while  at  the  lower  end  the  distillate  is  completely  cooled. 
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The  principle  of  counter  currents  applied  here,  which  allows  of  the  most 
economical  use  of  the  acting  substances,  is  applied  to  an  exceedingly 
large  extent  in  chemical  apparatus,  and  will  be  repeatedly  met  with. 


Fig.  40. 

Such  apparatus  are  sufficient  for  liquids  of  a few  litres  in  amount.  ( 


Where  larger  amounts  are -dealt  with,  such  as  in  the 
d st  lied  water  for  the  purposes  of  a large  laboratory  the  distil 
vessel,  or  “ still,”  is  made  of  metal,  generally  of  copper.  The  condense 
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lias  the  form  of  a tube  bent  round  like  a screw,  and  is  made  ot  pure 
in,  because  this  metal  is  practically  not  attacked  by  water.  It  stands 
[n  a larger  vessel  through  which  water  is  allowed  to  flow,  in  this  case 
dso  from  below  upwards.  The  warm  water  which  passes  out  at  the 
cop  may  be  suitably  used  for  feeding  the  still,  so  as  to  recover  a part 
of  the  heat.  Such  an  apparatus  is  represented  in  Fig.  41. 

To  demonstrate  the  effect  of  distillation,  a quantity  of  water  is 
oloured  with  ink  and  distilled  from  an  apparatus,  such  as  is  shown  in 
Fig.  39  or  40.  The  water  passes  over  colourless  and  tasteless. 

Properties — Colour. — At  ordinary  temperatures  water  is  a 
transparent,  colourless  liquid.  This  absence  of  colour,  however,  is 
only  apparent ; in  thick  layers  water  exhibits  a distinct,  fine  blue 
oloration,  which  is  peculiar  to  pure  water  and  is  not  in  any  way  due 
to  admixtures.  The  blue  coloration  is  produced  owing  to  the  fact 
that  water  absorbs  yellow  and  red  rays,  i.e.  converts  them  into  heat ; 
when  these  are  withdrawn  from  white  light  the  complementary  colour, 
blue,  remains.  This  blue  colour  is  seen  in  lakes  and  seas  containing 
very  pure  water ; in  most  cases  of  naturally  occurring  water  it  is 
masked  by  the  presence  of  coloured  admixtures. 

Density. — -As  has  already  been  mentioned,  the  density  of  water 
has  been  made  equal  to  unity,  the  unit  of  mass,  1 gm.,  having  been 
iscribcd  to  the  unit  volume  1 cc.  of  water.  This  number,  however, 
mlds  only  for  the  definite  temperature  4°,  since  the  density  of  water, 
ike  that  of  all  other  substances,  changes  with  the  temperature. 

In  the  case  of  water  this  change  occurs  in  a manner  essentially 
lifterent  from  that  in  the  case  of  other  substances.  On  heating  water 
rom  0 upwards  the  density  does  not  decrease,  as  is  usually  the  case, 
>ut  it  increases.  At  4°  water  attains  its  maximum  density,  and  this  is 
he  leason  why  this  temperature  has  been  chosen  for  the  definition  of 
mit  density.  From  4°  onwards  the  density  of  water,  as  of  all  other 
ubstances,  decreases  with  rising  temperature,  and  at  100°  amounts  to 
bout  Aj-th  less  than  at  0°.  The  extensity,  or  the  specific  volume, 
lehaves  in  the  reverse  manner ; it  has  its  smallest  value  at  4°,  and  at 
11  other  temperatures  its  value  is  greater. 

The  following  table  gives  a summary  of  the  relation  between  the 
emperature  and  the  density  and  extensity  of  water : — 


0° 

0-999874 

1-000127 

4° 

1-000000 

roooooo 

10° 

0-999736 

1-000265 

20° 

0-998252 

1-001751 

30° 

0-995705 

1-004314 

40° 

0-99233 

1-00773 

50° 

0-9S813 

1-01201 

60° 

0-98331 

1-01697 

70°  . 

0-97790 

1-02260 

80° 

0-97191 

1-02890 

90° 

0-96550 

1-03574 

100° 

0-95863 

1-04315 
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The  same  relation  can  bo  represented  by  the  geometrical  method 
described  on  p.  73,  the  temperatures  being  taken  as  abscissae,  and  the 

extensity  as  ordinates. 
In  this  way  we  obtain  i 
Fig.  42,  which  repre- 
sents the  relation  of 
the  volume  to  the  tem- 
perature. 

The  decrease  in  the 
extensity  between  0° 
and  4°  is  so  small  that 
it  cannot  be  represented 
in  the  figure.  It 
would  cause  a lowering 
of  the  curve  by  only 
^^-g-th  mm.  To  repre- 
sent it  the  scale  of  tem- 
peratures, as  well  as  that  of  volumes,  must  be  considerably  increased. 
A suitable  diagram  would  be  obtained  by  taking  the  temperatures  ten 
times,  and  the  volumes  a thousand  times,  as  great.  Our  drawing  would, 
however,  thereby  become  much  too  large.  If,  however,  we  examine 
Fig.  42  with  regard  to  that  portion  which  interests  us  just  now,  we 
notice  that  there  is  a large  empty  space  between  the  curve  and  the 
base-line.  We  can  leave  this  out,  and  instead  of  the  base-line 

corresponding  to  the  volume  zero,  we  can  choose  another  near  the  curve 
itself.  For  such  a purpose  it  is  well  to  choose  a line  corresponding  to 
the  volume  1-0000.  On  this  line  the  temperatures  are  marked  off 
on  a scale  ten  times  larger  than  before.  Perpendicular  to  it  there 
are  marked  off,  not  the  volumes  themselves,  but  only  their  differences 
from  the  value  l’OOOO. 

In  this  way  Fig.  43  is  obtained.  To  render  the  measurement 
easier  the  whole  field  is  divided  by 
manner  which  is 


rectangular 


network.  In  a 


1 OOIO 


10006 
1 0009 
10002 


1-0000 


readily  intelligible, 
the  numerals  placed  1 0008 
at  the  edges  allow 
of  the  extensity 
corresponding  to 
each  temperature, 
and  vice  versa,  being 
read  off.  The  figure 
is  repeated  only  up 
to  10°. 

Conttauitv— In^he  table  on  p.  109,  only  the  densities  and  volumes 
co"dfng  to  certain  definite  temperatures  are  grven.  The  quest* 
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now  arises  as  to  how  the  intermediate  values,  for  which  there  are  no 
data,  can  be  ascertained.  For  this  purpose  use  is  made  of  a general 
law,  the  application  of  which  is  so  familiar  to  us  that  it  appears 
axiomatic,  although,  like  all  the  other  laws  of  nature,  it  is  a summary 
of  manifold  experience. 

The  law  in  question  is  called  the  law  of  continuity , and  is  to  the 
following  effect: — When  two  magnitudes  change  simultaneously  with 
one  another,  so  that  for  a definite  value  of  the  one  there  is  also  always 
a definite  value  of  the  other,  the  simultaneous  changes  always  remain 
proportional.  When,  therefore,  the  one  magnitude  is  allowed  to  increase 
continuously,  the  other  also  increases  continuously,  and  if  the  one 
hange  is  made  smaller  and  smaller  till  it  becomes  zero,  the  change  of 
{-4 the  other  magnitude  also  becomes  zero. 

It  follows  from  this  that  when  two  (not  too  remote)  values  and 
A„  of  the  first  magnitude  are  given,  to  which  there  correspond  the 
values  fq  and  B.,  of  the  second,  the  values  of  B,  corresponding  to 
values  intermediate  between  Ax  and  A2,  lie  between  Bx  and  B.,. 

If  the  values  A:  and  A2  are  sufficiently  close,  one  may  even  assume 
, 1 proportionality  between  the  two  series  of  values.  If  AT  is  a value 
intermediate  between  Ax  and  A,,  and  Bc  the  corresponding  value  of 
die  other  magnitude,  we  may  write  the  following  equation  : — 


Bi  ~ fit 
A1  - A2  B1  - B2 


A 1 Ax 


| rom  which  we  find  Bx  to  be, 


B^B, 


b*  ~ Bi  a|  ~ 


This  formula  allows  of  the  calculation  of  intermediate  values 
ivhich  have  not  been  determined,  from  the  measured  values  on  either 
ide  of  them.  It  is  all  the  more  exact  the  closer  the  measured  values 

S'  .re  to  one  another.  If  in  any  given  case  it  is  not  exact  enough,  it 
an  be  replaced  by  a more  complicated  formula,  which  also  depends ’on 
he  principle  of  continuity,  which,  however,  will  not  be  deduced  here 
The  process  which  we  have  just  described  is  called  interpolation. 

. e method  will  be  familiar  to  the  reader  from  the  use  of  logarithm 
ables,  where  the  values  of  the  logarithms  or  numbers  not  given  in  the 
ables  are  obtained  from  the  adjacent  ones  by  means  of  such  a calcu- 
lation by  proportion. 

It  lies  in  the  nature  of  what  we  have  just  been  considering,  that 
e method  can  be  used  only  for  obtaining  intermediate  values,  and 
lay  by  no  means  be  extended  beyond  the  region  of  measurement, 
ich  a method,  extrapolation,  is  applicable,  at  most,  only  in  closest 
roxmnty  to  the  last  point  measured,  and  readily  leads  to  errors  if 
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extended  more  widely.  Such  errors  due  to  extrapolation  are  not 
unfrequently  found  in  science  (p.  75). 

It  must  further  be  mentioned  that  although,  in  natuie,  continuous 
processes  form  the  rule,  interrupted  ones  are  not  excluded.  1 hose,  ^ 
however,  are  always  easily  recognised,  since  when  one  property 
changes  discontinuously  most  of  the  others  simultaneously  undergo  a 
discontinuous  change,  so  that  a general  change  of  state  which  cannot 

be  overlooked  occurs.  § I 

Graphic  Representation. — These  remarks  become  very  clear  if 
the  interdependence  of  the  magnitudes  be  represented  by  a line, 
according  to  the  directions  on  p.  73.  Only  single  points  of  such  a 
line  can  be  determined  experimentally,  and  the  intermediate  pait»  are, 
to  start  with,  unknown.  The  law  of  continuity,  however,  entitles  us* 
to  join  these  single  points  by  a continuous  line,  passing  without  break  k 
or  fluctuation  through  the  points  determined  by  measurement.  This  ^ 
line  then  represents  the  desired  relation  for  all  intermediate  values  of 
the  variable  magnitudes,  and  replaces  the  interpolation  formula  given  i 


on  p.  1 1 1 . . , » 

The  oraphic  representation  is,  in  many  cases,  to  be  preleiied  to. 

calculation.  Interpolation  by  calculation,  which  presupposes  pro- 
portional changes  of  the  two  magnitudes,  is  represented  graphically 
by  the  assumption  that  the  line  between  the  points  employed  is, 
straight.  Even  for  curved  lines  this  is  so  much  the  less  removed' 

from  the  truth  the  more  closely 
the  points  are  chosen,  as  can  be 
immediately  seen  from  a glance  at 
Fig.  44.  If,  however,  the  points 
are  rather  farther  apart,  it  is  much 
easier  to  make  the  path  of  thei 
line  approach  the  truth  by  thei 
graphic  method  than  by  calculation,: 
which  in  this  case  is  rather  com- 
plicated. 

Other  cases  of  such  inter-, 
dependence  may  be  treated  in  the. 
Fro.  44.  same  way,  if  the  general  law  is 

known  which  connects  the  magni- 
tudes Thus,  the  calculation  of  the  influence  of  the  pressure  and  th«t 
temperature  in  the  case  of  gases,  would  not  be  more  simple  by  the  use.- 
of  the  formula  pv  = rT  for  each  single  case  than  interpolation  frox  i 
table  or  reading  off  from  a curve.  For  the  expansion  of  vate  y 
heat,  however,  such  a general  formula  is  not  known  and  interpo  a ion> 
or  a curve  is  therefore  the  only  aid  to  its  representation.  ‘ 

The  Coefficient  of  Expansion.— The  ratio  between  the  change* 
„f  th^extensityand  that  of  V ^peratur  e is  ; 

expansion.  In  the  case  of  gases  this  is  independent  of  the  tempe  . , 
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ince,  of  course,  the  graduation  of  the  scale  of  temperature  was  defined 
,,  n such  a manner  that  the  degrees  were  made  proportional  to  the 
xpansion.  For  every  degree,  therefore,  the  volume  increased  by  the 
ame  amount.  In  the  case  of  water  it  is  otherwise.  Below  4°  the 
xpansion  is  negative ; that  is  to  say,  as  the  temperature  rises  the 
olume  becomes  smaller.  This  continues  to  4° ; beyond  this  the 
oefficient  of  expansion  becomes  positive.  It  does  not,  however, 
etain  its  numerical  value  unchanged,  but  the  ratio  of  the  two  changes, 
r the  increase  of  volume  pro  degree  continually  increases. 

These  peculiarities  are  pictured  in  the  curve  in  an  easily  intelli- 
ible  manner.  So  long  as  the  coefficient  of  expansion  is  negative  the 
urve  sinks  downwards  to  the  base-line ; the  positive  coefficient 
auditions  an  ascending  of  the  curve.  The  fact  that  the  coefficient 
lereases  with  rising  temperature  produces  a curvature  with  the 
onvex  side  downwards ; if  it  decreased  with  rising  temperature  the 


urve  would  be  concave  on  the  under  side.  A straight  line  would 
e the  criterion  of  a coefficient  which  did  not  depend  on  the  tem- 
perature. 

In  this  way,  when,  for  some  still  unknown  relation  between  two 
lagnitudes,  a few  corresponding  pairs  of  values  have  been  determined 
y measurement,  a curve  can  be  drawn,  and  from  its  form  important 
(formation  as  to  the  nature  of  the  relation  can  be  obtained. 

The  coefficient  of  expansion  has  already  been  defined  as  the  ratio 
the  increase  of  the  extensity  with  the  temperature.  In  the  case  of 
ises,  where  the  coefficient  is  independent  of  the  temperature,  this 
if  jfinition  causes  no  difficulty  in  the  practical  measurement.  It  is  only 
■cessary  to  measure  the  volumes  corresponding  to  any  two  tempera- 
res,  and  the  value  sought  is  obtained  by  dividing  the  one  difference 
• the  other.  The  result  is  all  the  more  exact  the  larger  the  interval, 
cause  the  experimental  error  is  divided  by  a correspondingly  greater 
■visor,  and  its  influence  therefore  rendered  smaller. 

The  case  is  different  where  the  coefficients  of  expansion  are 
f ‘iabe-  ^is  case  different  values  are  obtained  not  only  at 
1 eient  temperatures,  but  also  when,  starting  from  the  same 
nperature,  the  coefficient  is  determined  between  varying  intervals. 

A distinction  is  therefore  made  between  the  mean  and  the  true 
fficient.  The  former  is  defined  with  regard  to  a definite  range  of 
nperature,  and  is  obtained  by  dividing  the  difference  of  volume  by 
lflerence  of  temperature.  It  represents  the  value  which  the 
-fficient  of  expansion  would  have  if  the  expansion  in  that 
re  uniform. 

The  true  coefficient  of  expansion  cannot,  on  account  of  its 
y,  be  determined  by  direct  measurement.  It  may  be  looked  upon 
.he  ratm  between  infinitely  small  changes  of  volume  and  tempera- 

d/em  tSe’  ihowever’  cannot  be  measured.  It  can  be  obtained  by  a 
thematical  operation  known  as  differentiation,  when  the  relation 


region 


varia- 
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between  the  two  magnitudes  is  known  in  the  form  of  an  algebraic 

f°n  These  considerations  can  be  explained  in  geometrical  form  by 

4 5 If  ac  represents  the  change  of  temperature  and  ch  that  of . 
lug.  4o.  It  ac  represent  & vn1lItne.  cb  ac  is  equal  to' 


V 

\i 


the  volume,  cb/ac  is  equal  to ' 
the  mean  coefficient  of  ex- 
pansion between  a and  c. 
To  determine  the  true  co- 
efficient of  expansion  for  the 
point  a,  the  point  b would 
have  to  be  moved  infinitely 
near  to  a.  The  secant  ah 
then  becomes  the  tangent 
ac.  The  true  coefficient  of 
expansion,  therefore,  for  a. 
definite  temperature  is  i 
obtained  by  drawing  a • 
tangent  at  the  corresponding. 


. , rpr  ratio  of  the  two  increments  ce/ac,  determined 

b^this^straightline,  ^ives^the  ^numerical  value  of  the  true  coefficient 

°£  'from^is  that  at  4”  the  “f  ^ cun^  “i 

water  is  zero,  for  the  tangent  at  the  lowest  pom  h ^ « 

horizontal,  and  indicates,  therefore,  no  increase  a*  ^ ^ ^ ^ 

b Ban00 The  error^in  Ihe  dendty!  corresponding  to  a given  temperatur 

stk&ZS  .s=r-  = - • • - - 

the  unit  of  volume,  by  means  of  water  at  4 . _The  volume  ( 

temperature.  . 90°  the  coefficient  of  compressibility  of  vat( 

tothetempeKture^At.O^he^  ^ decrease8  in  volume  b 

o'  000046  “cc.  when  subjected  to  a g-™*  “* 

~ r»  ~ — t,  - - 

Coefficient  of  Compressibility  of  W ater. 
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varies,  wlthTespect  to  vSume,  in  the  «. 
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general  fashion  as  a gas  (p.  72).  At  any  time  only  two  of  these 
■ magnitudes  can  be  independently  fixed ; the  third  is  then  no  longer 
undetermined.  Liquids  have,  therefore,  as  many  degrees  of  freedom 
as  gases,  viz.,  two. 

We  can  immediately  extend  this  principle  to  the  case  of  solid 
substances.  In  this  case  also  the  volume  varies  with  the  temperature 
and  pressure,  although  still  less  than  in  the  case  of  liquids ; if,  however, 
both  are  fixed  the  volume  is  also  completely  determined. 

We  can  therefore  lay  down  the  general  principle,  that  every  simple 
body— solid,  liquid,  or  gaseous  —possesses  two  degrees  of  freedom  'with  re- 
spect to  its  cubic  and  thermic  variability.  As  we  shall  soon  see,  the  number 
of  the  degrees  of  freedom  diminishes  when  we  are  dealing  with  a 
substance  in  several  physical  states,  instead  of  with  a uniform  body. 

Ice.— At  0°  water  passes  from  the  liquid  into  the  solid  state and 
is  converted  into  ice.  So  long  as  water  and  ice  are  present  together 
their  temperature  is  always  0°.  The  absolute  or  the  relative  amounts 
of  the  two  forms  or  “ phases  ” have  no  influence.  This  is  the  reason 
why  this  temperature,  which  is  easily  obtained  and  can  be  maintained 
, unchanged  for  any  length  of  time,  has  been  chosen  as  a fundamental 
point  in  thermometry. 

This  temperature,  however,  is  produced  exactly  only  when  the 
water  is  pure.  If  it  contains  foreign  substances*  of  any  kind  in 
solution,  the  temperature  at  which  the  solution  is  in  equilibrium  with 
ice  is  lower.  The  ice  which  freezes  out  from  such  a solution,  how- 
ever, is  pure  ; for  this  reason,  ice  obtained  from  ordinary  river  or  sea 

bftS  / C°rreCt  mdting  P°int’  and  the  formation  and  ‘ 
X n °f  1Ce  fr0m  impure  water  is  a method  of  obtaining  pure 

dnIr°SeS  °f  Ice.— Ice  is  a transparent  substance  of  a bluish 
ich,  in  comparatively  thick  layers,  e.g.  in  the  fissures  of 

I !PPf rs  as  a fine’  pure  Woo.  Its  density  is  consider^  less 
han  that  of  water  at  the  same  temperature,  for  at  ^itisoZ 

’ 916,4  as  compared  with  that  of  water,  0-99987.  Conversed  the 
I i the'  case  of^w’  t0  f'09083  as  compared  with  1 -000 13 

* i volume  by  0-0m0\oX  ^t^°Tei  “ ,Wea8es 

r;wr„TaT„bit:variat!on  ith  the 

solid  P-  into 

,n°  mCanS  thC  o,  this  kind , on 
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properties  in  crystals  which  can  vary  at  all  with  the  direction  are 

STJhat1 ’peculiarity  ^ JSLZ7^t  VI 

the  same  shape  dicular  to  the  face  of  a naturally 

formed^! sheeC  behave  differently;  for  example,  one  breaks  much  more 

“ “St  $££  “ surfaceof 

^ ^ j0in6d  t0  006 


Vll 


b 


* 


Fig.  40. 


.a  ,t  an  ande  of  60",  and  the  ice  flowers  on  window-panes  are 
r^etn  expression  of  t^"— 'can  fornr  in  the 

The  crystals,  however  of  whrc^snow™  ^ ^ ^ As  & 

least  disturbed  mannei,  foi  y stinct-  under  certain  circum- 

certainly , these  crystals  are  sural 1 nd  ^ ^ t„ 

stances,  however  they t^Wu“  a^f  as"^  flat  stars,  developed, 

^dinTho  a 2h;iSnsyU^y.  ^ — crystals  are  shown 

“ ^property  of  occurring 

syrtt  ¥?£:¥/ sfi'xrs  r 

* ^ 1 S C Sup e r c o o lin gl h e form^of  %^ZVon^^  soni 

“"It  "coded  “o  several  degrees  below  zero  without  . 
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„ solid.  At  the  same  time  it  retains  the  peculiarity  of 
expanding  as  the  temperature  sinks. 

Water  in  this  condition  is  called  supercooled.  It  solidifies  immedi- 
3;  ately  on  being  touched  with  a piece  of  ice,  its  temperature  thereby 
“ rising  to  0°.  If  preserved  from  contact  with  ice,  it  can  be  kept  any 
length  of  time  in  the  liquid  state  if  it  is  only  supercooled  a few 
degrees.  If,  however,  the  supercooling  is  carried  further,  solidification 
takes  place  spontaneously  without  the  presence  of  ready-formed  ice. 

I he  condition  of  supercooled  water  has  often  been  compared  with 
F that  of  unstable  equilibrium  in  mechanics ; the  comparison,  however, 
does  not  prove  correct.  A body  in  unstable  equilibrium  seeks  a new 
position  so  soon  as  it  experiences  the  smallest  displacement;  super- 
cooled water,  however,  can  withstand  disturbances  of  the  most  varied 
kind  without  solidifying,  and  responds  only  on  contact  with  ice.  The 
■region  of  supercooling  nearest  to  the  melting  point  is  therefore 
designated  as  nietastable,  and  only  the  more  remote  regions,  in  which 
solidification  takes  place  spontaneously,  are  called  unstable 

Heat  of  Fusion  and  Solidification.— When  water  solidifies 
1 heat  is  developed.  For  this  reason  partially  solidified  water  still 
stains  the  temperature  0°,  even  when  the  surrounding  temperature 
■is  lower,  for  as  heat  is  withdrawn  it  is  supplied  anew  bv  the 
solidification  of  fresh  amounts  of  water.  Conversely,  ice  absorbs  heat 
on  melting;  for  this  reason,  a mixture  of  ice  and  water  in  warmer 
surroundings  does  not  become  warmer,  for  the  heat  which  enters  the 
mixture  is  used  up  in  melting  ice. 

The  amount  of  heat  absorbed  in  fusion  is  equal  to  that  set  free 
by  the  solidification  of  the  same  quantity  of  water.  This  is  a necessary 
consequence  of  the  law  of  conservation  of  energy,  for  if  there  were  a 
difference  between  the  two,  one  could,  by  causing  water  to  alternately 
mhdify  and  melt,  create  or  destroy  as  much  heat  as  one  wished 
without  the  water  being  used  up  or  undergoing  any  permanent 

Unit  of  Heat.— To  express  this  amount  of  heat  numerically  a 
^ first  of  all,  be  fixed.  This  can  best  be  done  if  we 

vork  H ultf1'1  hecU’  bei?g  a f°rm  °f  energ7’  Can  be  obtained  from 
' ork  or  kinetic  energy,  and  vice  versa.  The  natural  unit  of  heat  is 

accordingly,  the  amount  of  heat  which  can  be  obtained  from  the  unii 
>f  work  or  of  kinetic  energy,  the  erg  (p.  23). 

Quantities  of  heat,  however,  had  been  measured  long  before  the 
lation  between  work  and  heat  was  known.  As  the  unit^f  quanrity 
f heat  there  was  employed  that  amount  which  is  required  to  heat  one 

Kiri r\d6gree'  “ is  a.  -all  ell 

omX  li?  .v , °re  SUltable  umt  tha"  this  one,  which  varies 
-hirh  tl  v • ■ 16  ymPerature)  and  also  contains  the  difficulty  to 

nd  the  trm8IOn  0f  ,thc  interval  between  the  freTzW 

nd  the  boiling  point  of  water  is  subject,  is  the  rational  calorie  K; 
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this  represents  the  amount  of  heat  required  to  heat  one  gram  of  water 
from X melting  to  the  boiling  point.  Itta  pretty  nearly  equal  to  a 

hundred  times  the  small  calorie;  10U  cal.  1 ■ Tn„iJ 

Through  the  fundamental  investigations  of  Mayer  and  of  Joule 

<•«  trtrjss  i-s  - = - 

t, rr=n  T>* 


of  these  is  that  one  small  calorie  at  18°  is  equal  to  41,800,000 
tg  Tn  technical  work  the  amount  10,000,000  erg  is  much  need, 


erg  In  teehmca  worK  tn ^ equal  to  408 

jol!^r  1 cal  = A rational  calorie  is  a hundred  times  as 

SrearV  theKamount’of  heat  required  to  melt  1 gm.  of  ice  be  measured 

the  heat  of  fusion  01  t^o  1 Numerous  technical  and  scientific  applica- 

Application  of  Ice  - tance  that  it  absorbs  such  a large 

tions  of  0f° hea/Ton 'meltin'*.  Thus  it  is  used  for  preserving  meat  and 
amount  of  heat  on  meiuu0.  nrnppe«,pq  of  decomposition,  which 

other  food-substances  the  harmful  processes  rt  decc > p . Q, 

cause  the  meat  to  become  bad  be ng  in  seieMe 

hindered  or  at  least  grea  } erature  0f  fusion;  even  large, 

depends  on  the  eons 'tancy  ^ £r  any  length  of  time  at  the 

spaces  can,  with  its  h p,  V ,enomena>  therefore,  which  are 

unvarying  temperature  o , < 1 , ^ without  disturbance 

°£  ^ 

substances,  a solution  is  P10  u'  , ' ureEsinks  considerably  under 

lower  than  that  of  ice,  and  the  ” poillt  „f  the  solution 

0°  - it  sinks  to  the  temperature  of  the  freezing  I»  n o£  ke  M 

produced.  This  P^n“m®XaryLmmon  salt  a temperature  as  low 
freezing  mixtures.  v\  ltli  o y 0ne  part  of  salt. 

- -'8“eau  he  obtained  by  -“f^  Cmenon  is  the ' melting  .1 

sno  “aSS:  which  is  employed  as  an  expeditious  means  of 

Of  ice  be  brought  into  a spa°ep  ^ ^ c>0Jp,etely  filled  by  it 

a gas,  in  such  an  amount  tha  P gtate_  This  takes  place  a 

part  of  the  water  passes  into  the  * degree.  The  law  whicl 

all  temperatures,  although  to  Joeg  on  until  the  vapours  hav 

obtains  here  states  tlia  eva]D  . dependent  only  on  the  temperature- 
assumed  a definite  density,  which  is  ciepe 
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On  the  other  hand,  it  is  independent  of  the  amount  of  non-gaseous 
water,  of  the  volume,  and  also  of  the  presence  of  other  gases  in  the 
space.1 

This  law  is  generally  stated  in  such  a way  that  there  is  attributed 
to  the  water  vapour  a definite  pressure  which  is  dependent  only  on  the 
temperature.  Since  pressure  and  density  are  related  to  one  another, 
the  second  form  of  statement  is  essentially  the  same  as  the  first ; and 
since,  as  a rule,  pressure  is  more  easily  measured  than  the  density  of 
the  vapour,  most  measurements  are  referred  to  the  pressure.  In  the 
case,  however,  of  evaporation  in  a space  filled  with  a gas,  we  must  not 
reckon  with  the  total  pressure,  but  only  with  the  partial  pressure  of 
the  vapour. 

To  demonstrate  this  last  phenomenon,  a small  sealed  bulb  con- 
taining some  readily  volatile  substance  (e.g.  ether)  is  introduced  into  a 
closed  bottle  furnished  with  a mercury 
manometer  (a  tube  bent  like  a U and 
filled  with  mercury,  Fig.  47).  After  the 
pressure  has  been  observed  the  small  bulb 
is  broken.  The  pressure  then  increases 
by  an  amount  equal  to  the  vapour  pressure 
■of  the  liquid  at  the  existing  temperature. 

The  phenomenon  we  are  dealing  with 
here  is  one  of  equilibrium  in  the  sense 
discussed  on  p.  100.  At  a given  tem- 
perature, water  vapour  alone  can  exist 
both  at  smaller  as  well  also  as  at  greater 
values  of  density  and  pressure  than  when 
in  contact  with  liquid  water.  If,  however, 
it  comes  in  contact  with  water  it  cannot 
tetain  its  state.  In  the  first  case  water 

will  evaporate,  in  the  second,  vapour  will  condense,  and  this  will  go  on 
until  the  concentration  or  the  density  and  the  pressure  have  reached  the 
ralue  corresponding  to  the  existing  temperature. 

This  kind  of  equilibrium  obeys  exactly  the  same  laws  as  chemical 
pquihbnum  in  the  narrower  sense.  It  is  best,  therefore,  to  place  the 
■eciprocal  changes  of  the  physical  state  of  the  same  substance  along- 
side of  the  ordinary  chemical  processes,  and  to  regard  them  as  the 
simplest  examples  of  that  kind.  Indeed,  the  criterion  of  chemical 
ransformatjons,  the  change  in  the  properties  of  the  substance,  is 

vitb  wWwl  CaSe  a S°'  K 1S  °nly  the  Sreat  readiliess  and  simplicity 
lave  !.!::CY!r  pr0!®sses  occur’  both  forwards  and  backwards,  that 
hemical^as  bei^  phenomena  from  the 

lr~r3Z&  ”,  tS-5JSL\‘ 


Fig.  47. 


120 


PRINCIPLES  OF  INORGANIC  CHEMISTRY 


CHAP. 


The  dependence  of  the  vapour  pressure  of  water  on  the  temperature  , 
is  ,ll 7n  the  following  table  and  in  Fig.  48  By  reason  of  their 
soecial  importance  the  pressures  in  the  regions  between  10  anil  -J  , 
Talso  in' the  neighbourhood  of  the  boiling  point,  are  given  in  greater 

detail  in  two  further  tables. 

Vapour  Pressure  of  Water. 

3-151  cm. 

5-49  „ 

9-20  „ 

14-89  „ 

23-33  „ 


u 

\> 


1 f 


H> 


-19° 
-10° 
+ 0° 
10° 
20° 


0-1029  cm. 
0-2151  „ 
0-4569  „ 

0- 9140  „ 

1- 7363  „ 


30° 

40° 

50° 

60° 

70° 


80° 

90° 

100° 

110° 


35"49  cm. 
ko-sf; 


76-00 


107-5 


10”  - 25° 


90”  - 100” 


10° 

11° 

12° 

13° 

14° 

15° 

16° 

17° 

18° 

19° 

20° 

21° 

22° 

23° 

24° 

25° 


0-914  cm. 
0-977  „ 
•043  „ 
•114  „ 
•188  „ 
•267  „ 
•351  „ 
•439  „ 
■533  „ 
•632  „ 
■736  „ 
■847  „ 
•963  „ 
2-086  „ 
2-215  „ 
2-352  „ 


1- 

1- 

1- 

1- 

1- 

1- 

1- 

1- 

1- 

1- 

1- 


90° 

91° 

92° 

93° 

94° 

95° 

96° 

97° 

98° 

99° 

100° 


52-55  cm. 
54-58  „ 
56-67 
58-83  „ 
61-06 
63-37  „ 
65-74  „ 
68-19  „ 
70-71  „ 
73-32  „ 
76-00  „ 


‘Roilina’  —The  boiling  point  of  water  is  the  temperature  at  which 
Rolling.— me  uon  0 i external  pressure.  If  water  be 

its  vapour  pressure  is  eq  . by  a flame,  its  tern- 


perature  can  rise  only  to  this 
point ; all  further  heat  which  is 
communicated  to  it  is  used  up  in 
the  formation  of  vapour,  which 
escapes  in  bubbles  from  the  water. 
One  must  not  say,  therefore,  that 
the  boiling  point  is  that  tempeia- 
ture  at  which  water  forms  vapour, 
for  vapour  is  formed  at  all  tem- 
peratures. The  formation  o 
bubbles  of  vapour,  however, 
within  the  liquid  is  not  possible 
till  the  boiling  point  is  reached. 


A liquid,  like  water,  can  tliereiore  uou  * ;_This  fact 

tures  ; a special  boiling  point  “2^  experiment  Water  is  bcated 
can  be  shown  by  means  of  the  folio  g P streams  ou, 

^ *°°«  A 
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Scame  time  removed  from  the  source  of  heat.  Although  now  the 
water  is  constantly  losing  heat  by  radiation,  it  still  continues  boiling. 
"W  hen  boiling  has  ceased  it  can  be  again  caused  to  commence  by 
pouring  cold  water  over  the  flask. 

The  explanation  of  this  apparent  contradiction,  that  water  can  lie 
made  to  boil  by  cooling,  lies  in  the  fact  that  the  cooling  affects  the 
small  quantity  of  vapour  much  more  than  the  large  amount  of  water. 
The  vapour  condenses  on  the  cooled  walls  of  the  vessel,  and  the  internal 
pressure  is  thereby  so  much  lowered  that  the  water,  which  has  remained 
warmer,  must  again  boil. 

The  correctness  of  this  explanation  can  be  shown  with  the  appa- 
ratus in  Fig.  49.  Ihe  boiling  flask  is  closed  by  a cork  carrying  a tube 
bent  twice  at  right  angles.  The  outer  limb  of  this  tube  must  be  about 
80  cm.  long;  it  dips  into  a 
vessel  with  mercury.  The 
water  is  made  to  boil  until 
the  air  is  all  driven  out  of 
the  flask ; this  is  known  by 
the  crackling  noise  produced 
by  the  condensation  of  the 
water  vapour  in  the  mercury. 

The  flame  is  then  removed 
and  the  same  observations  can 
be  made  as  before.  Every 
time  that  cold  water  is  poured 
over  the  flask  the  mercury  in 
the  tube  rushes  upwards,  and 
indicates  the  diminution  of 
pressure ; at  the  same  time 
:the  water  begins  to  boil,  and 
•the  mercury  again  sinks,  but 
not  to  its  former  position. 

As  the  temperature  falls 
the  vapour  pressure  becomes 
smaller,  but  at  0°  it  still 
amounts  to  0'4  cm.  mercury. 

Ice,  Avhich  is  in  equilibrium 
with  water  at  this  temperature, 

has  the  same  vapour  pressure.  Even  below  0°  ice  has  a measurable 
vapour  pressure,  which  becomes  smaller  the  more  the  temperature 
sniks  \V hether  there  is  a temperature  above  the  absolute  zero  at 
winch  the  vapour  pressure  of  ice  is,  in  all  strictness,  equal  to  zero 
iannot  be  established  with  certainty ; probably  there  is  not. 

If  the  pressure  is  increased  above  one  atmosphere  the  boiling  point 

lTeisn°  a!  atmosPheres  ifc  is  ^ 121°;  under  ten  atmospheres, 

■ iou  . At  the  same  time  the  vapour  becomes  denser,  while  the 


Fio.  40. 
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density  of  the  water,  corresponding  to  the  increase  of  temperature, 
diminishes.  We  must  therefore  ultimately  reach  a temperature  and  a 
pressure  at  which  the  density  of  the  vapour  becomes  equal  to  that  of 
the  water  At  this  point  water  and  vapour  have  become  identical,  and 
a phenomenon  similar  to  boiling  can  now  no  longer  occur.  This  point 
is  called  the  critical  point.  In  the  case  of  water  it  lies  at  about  lOO 
atmospheres’  pressure  and  365°  j these  values,  however,  cannot  be 
determined  with  exactness,  since  under  these  conditions  water  strongly 

attacks  the  vessels,  especially  glass. 

Density  and  Extensity  of  Water  Vapour.— The  vapours  of 
volatile  liquids  possess  a density  and  extensity  as  well  as  the  ordinary 
oases  But  the  circumstance  that  vapours  frequently  cannot  lie 
observed  under  normal  conditions,  i.e.  under  a pressure  of  76  cm.  mer- 
cury and  at  0°,  since  under  these  conditions  they  pass  into  liquids, 

calls  for  some  remarks.  . . 

Since,  however,  vapours,  so  long  as  they  remain  in  the  gaseous 

state,  likewise  obey  the  gas  laws,1  the  density  and  specific  volume  are 
calculated  on  the  supposition  that  the  vapours  would  remain  gaseous 
also  under  normal  conditions,  and  would  behave  according  to  the  gas 
laws  This  is  done  for  the  purpose  of  retaining  the  advantage  o j 
parison  with  the  gases.  By  choosing  the  pressure  of  0T  cm  as  normal 
pressure  the  normal  condition  could  be  made  a practicable  one  o 
Lny  vapours,  including  the  vapour  of  water;  this  would,  however, 
not  be  the  case  for  all  substances.  No  disadvantage  however  ans^ 
by  employing  the  usual  calculation,  since  m using  it  we  are  always* 

dealing  only  with  an  arithmetical  relation. 

Measurements  of  the  density  of  water  vapour  have  shown > j to ie 
0-0008045,  calculated  for  the  normal  conditions,  and  its _exte > y 

1043  cc.  In  other  words,  1 cc.  of  water  vapour  at  0 and  under  a 
pressure  of  76  cm.,  would  weigh  0-0008045  gm.,  and  1 gm.  vou 

occupy  the  vo  geg  it  is  better  to  refer  the  densities  to  the 

i tufinpd  on  n 88  ie.  we  calculate  the  molar  weight  of 

ol  vapour 

SX  one^ight  "7^" t 

water  vapour  mixed  with  it  a “reespon  ^ be  made,  ft  ■ 

not  “saturated “'with  water  vapour,  lint  con- 

i Vapours,  like  gases,  deviate  from  tke  sample 
the  substance. 
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tains,  on  an  average,  only  three-fourths  of  this  amount.  The  amount 
varies  with  the  state  of  the  weather,  and  one  speaks,  therefore,  of  moist 
or  dry  air.  Still,  air  which  is  called  moist  scarcely  ever  contains  as 
much  water  vapour  as  it  could  contain,  and  air  which  is  called  dry 
may  contain  as  much  as  half  the  maximum  amount. 

The  cause  of  this  lies  in  the  great  variableness  of  the  vapour  pres- 
sure with  the  temperature,  as  is  seen  from  the  table  on  p.  120.  If,  at 
one  point,  the  air  has  taken  up  as  much  water  vapour  as  corresponds  to 
the  vapour  pressure,  and  it  reaches  a place  where  it  becomes  warmer, 
it  becomes  unsaturated,  i.e.  the  concentration  of  water  vapour  in  it  is 
smaller  than  corresponds  to  the  equilibrium.  On  the  other  hand,  if 
the  air  falls  to  a lower  temperature,  part  of  the  water  separates  out  in 
the  liquid  or  solid  form,  as  dew,  rain,  or  snow,  and  on  being  heated 
again  to  its  former  temperature  the  air  is  again  unsaturated.  The 
differences  of  temperature,  therefore,  at  the  earth’s  surface  continually 
act  so  that  the  air  contains  less  water  vapour  than  corresponds  to  its 
temperature,  and  for  this  reason  our  atmosphere  is  never  completely 
saturated  with  water  vapour. 

The  presence  of  aqueous  vapour  in  the  air  is  so  far  of  importance 
to  the  chemist  that  all  objects  exposed  to  the  air  take  up  more  or  less 
water.  Not  only  do  substances  which  are  soluble  in  water,  such  as 
salt  and  sugar,  become  moist  in  air  containing  water,  but  also 
insoluble  substances,  such  as  glass,  stones,  metals,  textile  fabrics, 
become  covered  with  a thin  film  of  water,  Avhich  must,  when  necessary, 
be  taken  into  account.  The  amount  of  water  taken  up  depends  on  the 
nature  of  the  substance,  and  is,  for  the  rest,  proportional  to  the  surface. 
Bodies  with  a large  surface,  powders  and  cellular  structures,  such  as 
are  produced  in  plants,  take  up  a specially  large  amount  of  water  cor- 
responding to  their  large  surface. 

This  water  does  not  have  the  properties  of  liquid  water.  Not 
only  does  the  object  not  feel  wet,  but  the  vapour  pressure  of  this  sur- 
face-held water  also  is  lower  than  that  of  liquid  water  at  the  same 
temperature,  and  it  is  all  the  lower  the  smaller  the  amount  of  water 
on  a given  surface. 

In  many  cases  it  is  necessary  to  remove  this  water.  For  example, 
to  obtain  the  exact  weight  of  a body  in  powder,  it  must  be  weighed 
without  its  film  of  water.  The  most  simple  means  of  freeing  the  body 
from  this  consists  in  heating  it  to  redness,  for,  as  the  temperature 
rises,  the  vapour  pressure  of  the  surface  water  also  increases,  and  the 
latter  escapes  into  the  relatively  dry,  hot  air.  If,  however,  it  is  not 
possible  to  raise  the  temperature  of  the  body,  it  is  dried  by  beiim 
placed  iii  dry  air.  For  this  purpose  glass  apparatus,  called  desiccator^ 
are  used,  Fig.  50.  They  contain  a substance  which  combines  with 
water  and  withdraws  this  from  the  air.  Into  this  dry  air  there  again 
e\aporates  water  from  the  substance  to  be  dried,  and  this  process 
goes  on  until  the  vapour  pressure  of  the  water  on  the  substance  has 


Fig.  50. 
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become  as  small  as  that  of  the  water  combined  with  the  desiccating 

substance.  • , ' . , . • m 

Some  such  desiccating  substances  have  been  previously  mentioned 

in  871  • others  will  be  mentioned  as  occasion  selves. 

Since  the  drying  process,  as  above  described,  depends  on  the  move- 
ment of  the  water  vapour  from  the  body  to  the  drying  substance,  it 

will  take  place  all  the  quicker  the 
more  rapid  this  movement  is.  If, 
therefore,  we  fill  the  desiccator 
with  hydrogen  instead  of  with  air, 
the  body  will  dry  more  quickly, 
because  the  diffusion  of  the 
aqueous  vapour  takes  place  more 
quickly  through  the  lighter 
hydrogen  than  through  the  heavier 
air.  The  drying,  however,  pro- 
ceeds most  quickly  when  the 

desiccator  is  evacuated,  because  the  movement  of  the 'XT  JK3 
then  takes  place  without  any  hindrance  ft- -uld  b eaun *£ 

to  suDDOse  that  the  substance  could  be  brought  to  a higher  deg  e 

1XZ  pr”s"hed  "ft ” is^toTnot^  jhe 

in  “mrnuTaifo  fake  into  consideration  here,  that  as  the  body  becomes 

the  desiccation  is,  so  much  the  1 Jomenon.  When  any  state 

water  removed.  I his  is  a univer  I certain  velocity,  this 

of  equilibrium  strives  to  establish  itself  with  a certa  r is 

every  state  of  equilibrium  w measurement  are  of  limited 

time"  Since,  however,  our  means  “^fter  a short  time, 

accuracy,  a state  is 

to  know  that  the » is  no 

« dryin,i;  "a  drfS  substances  are^merely8  substances 
can  also  give  up  water,  ana  aiy  8 m-essure  In  this  sense  sul- 

^S^Cr^^Sn"-  I 


VII 


WATER 


125 


K 


The  Heat  of  Evaporation  of  Water. — On  the  passage  of  water 
into  vapour  heat  is  absorbed,  and  this  in  much  larger  amount  than 
in  the  transition  of  ice  to  liquid  water.  This  consumption  of  heat 
is  usually  attributed  to  the  circumstance  that  on  passing  into  vapour 
the  particles  of  water  are  separated  from  one  another.  But  when  water 
passes  into  ice  the  particles  are  also  separated  from  one  another,  since 
ice  is  xrth  less  dense,  and  still  this  transition  is  accompanied,  not  by  an 
absorption,  but  by  a development  of  heat.  It  is  best,  therefore,  to 
free  oneself  entirely  from  such  hypotheses.  Since  the  differences 
between  the  different  states  of  the  same  substance  are,  ultimately, 
always  reducible  to  differences  in  the  eneigies  present,  a passing  out  or  in 
of  energy  naturally  accompanies  the  passage  from  one  state  to  another, 
and  the  fact,  as  such,  requires  no  “ explanation.”  All  that  science  has 
to  do  here  is  limited  to  the  exact  measurement  of  the  phenomenon, 
and  to  establishing  its  relations  with  other  existing  conditions. 

The  general  law  may  now  be  enunciated,  that  with  every  transition 
from  the  solid  to  the  liquid,  and  from  the  liquid  to  the  gaseous  state, 
there  is  joined  a consumption  of  energy,  which  is  generally  absorbed 
in  the  form  of  heat.  No  exception  is  known  to  this  law,  and  only  at 
the  ciitical  point,  where  the  difference  of  states  disappears,  does  the 
difference  of  energy  also  become  zero. 

For  the  conversion  of  1 gm.  of  water  at  100°  into  vapour  at  the 
same  temperature,  537  cal.,  or  2245  /are  required.  The  same  amount 
of  heat  becomes  free  when  vapour  at  100°  is  converted  into  water  at 
the  same  temperature.  This  amount  is  called  the  latent  heat  of  water 
vapour,  or  the  heat  of  vaporisation. 

The  value  of  the  heat  of  vaporisation  is  dependent  on  the  tempera- 
ture at  which  the  vaporisation  is  effected.  Since,  at  the  critical  point 
it  becomes  zero,  it  must  decrease  with  rising  temperature ; its  value’ 
however,  is  not  known  up  to  this  point.  For  the  purpose  of  calculat- 
ing the  work  performed  by  steam-engines,  the  value,  within  small 
milts,  has  been  often  determined.  It  is  represented  by  the  formula 
606-O  - 0-69 ot  cal.,  or  2535  - 2'905^  j. 

The  large  amount  of  heat  which  becomes  free  on  the  condensation 
of  steam  affords  a convenient  means  of  transporting  heat,  without  at 
the  same  time,  having  to  convey  much  substance.  When  steam  is 
generated  m a boiler,  conveyed  away  through  tubes,  and  condensed  at 
another  place,  this  process  is  equivalent  to  the  transportation  of  a cor- 
esponding amount  of  heat.  If  it  were  wished  to  accomplish  the  same 
transport  of  heat  by  means  of  hot  water,  at  least  five  times  as  areat  a 
weight  would  be  required.  For  this  reason  steam  fincl  nmmfold 

f°r  hrting  ^i!1  I™*118  pUrp0Ses’  ancl  in  addition  to  this 
it  has  the  peculiarity  which  is  frequently  very  valuable  that  under 

<i  mospheric  pressure  the  temperature  cannot  rise  above  100°. 

the  last  property  is  also  made  use  of  in  the  laboratorv ' fm- 
and  steam  baths.  These  are  used  for  maintaining  " 
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peratures  not  exceeding  100°,  a thing  which  is  necessary  in  cases 
where  a higher  temperature  would  be  detrimental  to  the  heated  sub- 
stance or  apparatus.  Such  a bath 
usually  consists  of  a metal  boiling 
vessel  above  which  there  is  a space 
for  the  vapour.  To  enable  objects 
of  different  sizes  to  be  placed  upon 
it  the  lid  consists  either  of  a single 
plate,  furnished  with  openings  cf 
various  sizes,  or  of  a series  of  concen- 
tric rings  placed  one  within  the  other 
(Fig.  51).  To  be  able  to  set  the 
bath  quickly  in  action  it  is  an  ad- 
vantage that  it  should  contain  a ery 
little  water.  Since,  however,  this 
small  amount  of  water  would  soon 
boil  away,  a water-supply  is  arranged 
to  replace  the  loss.  This  consists 
either  of  a Mariotte  s bottle,  w hich 
maintains  the  level  of  the  water  in 
the  bath  at  a definite  height,  or 
an  overflow  can  be  attached  to  the 
boiler  (Fi»  62):  by  taking  care  to  have  a supply  of  water  from  the 
mai”  in  excess'  of  Ae  consumption  in  the  boiler  the  same  result  > 

““her  property  of  steam,  ^p^le* 

toed  tnto  the  boitaso  that  the  steam  surrounds,  but  cannot  penetrate 

into  it,  one  possesses,  so  long 
as  the  water  in  the  boiler,  is 
in  ebullition,  a space  in  which 
the  temperature  remains  con- 
stantly at  100°.  This  is  the 


Fjg.  51. 


: 


most  convenient  means  of 
obtaining  a constant  fairly 
high  temperature,  such  as  is 
necessary  for  the  performance 
of  many  chemical  and  physical 

investigations. 

The  boiling  point  of  water, 
certainly,  varies  somewhat 
with  the  pressure  ; tlie  a r*ria  millimetre  of  mercury.  From  this 

I"  rT in  an/gi-  case,  the  height  of  the  barometer 

mUSSuperheated°  Water  and  "overcooled  Vapour.-Just  as  it  is 
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possible  to  lower  the  temperature  of  water  below  its  freezing  point,  if 
the  precaution  is  taken  that  no  ready-formed  ice  is  present  (p.  116),  so 
water  may  be  heated  above  its  boiling  point  when  the  presence  of 
vapour  is  excluded,  and  vapour  may  be  cooled  below  its  point  of  con- 
densation when  the  presence  of  liquid  water  is  excluded.1 

The  first  experiment  can  be  performed  in  various  ways.  If 
linseed  oil  be  heated  to  over  100°,  and  small  drops  of  water,  which  has 
been  previously  boiled  (to  expel  the  dissolved  air),  be  introduced  into 
the  oil,  the  temperature  can,  with  some  care,  be  raised  to  130°-140°, 
at  which  the  vapour  pressure  would  amount  to  2 '7  and  3 '6  atmospheres 
respectively,  without  the  formation  of  vapour  taking  place.  On  rais- 
ing the  temperature  still  higher  a copious  formation  of  vapour 
suddenly  takes  place  with  explosion. 

The  same  phenomenon  is  observed  if  water  be  kept  boiling  some 
time  in  a glass  vessel  which  has  been  made  as  clean  as  possible  by 
washing  out  with  a solution  of  caustic  soda  and  sulphuric  acid.  The 
phenomenon  of  “ bumping  ” then  occurs,  i.e.  ebullition  does  not  occur 
for  some  time,  and  then  begins  suddenly,  accompanied  by  an  excessive 
evolution  of  vapour.  The  reason  that  the  water  is  “ superheated  ” lies 
in  the  fact  that,  by  the  cleansing  of  the  surface  and  the  long  boiling 
the  air-bubbles  have  been  removed,  which,  as  a rule,  adhere  to  points 
heie  and  theie  on  the  vessel;  at  these  the  formation  of  vapour  readilv 
takes  place  because  some  vapour  is  already  present.  If  these  “nuclei” 
are  removed  superheating  occurs ; and  when  at  length  the  first  bubble 
of  vapour  is  produced,  all  the  heat  absorbed  above  100°  serves  to  form 
vapour,  a large  amount  of  which  is  thereby  suddenly  developed. 

Such  cases  of  superheating  occur  also  with  other  liquids  It  can 
be  avoided  by  taking  care  that  some  bubbles  of  air  are  always  present 
within  the  liquid.  For  this  purpose  porous  substances  of  all  kinds  are 
used,  m which  air  is  contained,  or  such  substances  as  under  the  existing 
conditions  evolve  traces  of  gas.2  & 

Superheating  sometimes  also  occurs  on  a large  scale.  It  is  for 
example,  one  of  the  causes  of  boiler  explosions. 

The  other  case,  that  vapours,  in  the  absence  of  liquids  (or  solids 
which  have  the  same  effect),  can  be  subjected  to  pressures  which  are 
greater  than  the  pressure  of  condensation,  can  also  be  obtained  experi- 
mentally. When  the  air  in  a large  bottle  containing  air  and  some 
iiater,  so  that  the  air  is  saturated  with  water  vapour,  is  rarefied  a 
overing  of  temperature  is  thereby  produced.  This  is  due  to  the  fact 
that  the  expanding  air  performs  work,  and  since  this  is  not  communi- 


sxclude  the  liquid  form  7 stance.  Presumably,  it  is  exceedingly  difficult  to 
“*»  'fet  th'  !XmUrM°"  °,l>“  “olntiou  of 
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catecl  to  it  in  the  form  of  other  work,  the  air  must  yield  it  up  in  the  I 
form  of  heat;  it  must,  therefore,  become  colder  At  the  same  time, 
the  vapour  ihich  is  present  is  thereby  cooled  and  reduced  to  a 
temperature  at  which  the  ordinary  vapour  pressure  is  smaller  than  the 

exi1nh^  fer  the  apparatus 

has  teen  P^together,  ^result  of  the  cooling  of  the 
tlip  i.ltter  is  precipitated  in  the  form  of  a mist.  The  mist  can  be  seen 
wUh  J distinctness  by  allowing  a ray  of  light  to  pass  through 

the  'es“'we  the  apparatus  is  allowed  to  remain  at  rest  for  24  hours 

’ . , ■ lnncrer  successful  and  on  exhaustion  the  intenor 

the  experiment  m no  huger  sueeessiul^  ^ ^ ^ ^ partMes  in 

retowY  »rC2reTtate  the  principle  generally,  that  the  definite 
relation  between  pressure  and  ^ 

vapour  (and  in  the  ease  f 1 P dmuUcmmlsly  present.  So  soon 

b wanting  the  point  can  he  overstepped 

from  either  sub.  Freedom —Whereas,  therefore,  water 

Phases  and  Degrees  of ^Freedom  £ freedom  for 

alone,  and  (pp.  73  and 

the  variations  of  the  1 ’ f fT.PPf]onl  left  when  vapour  and 

115),  there  remains  only  on*  degree  of  ^ Lure  „ 

liquid  are  smuttammly presen^ pLsure  has  been 
r:X"oX“Xe~d,  likewise, any 

£“2 : 

MuenVon’ the  pressure 

Sr)grv^ume  may  be  — — 

space  is  again  filled  tilth 

vapour  and  water  at  tlm  same  P^two  different  phases  of  water.  Ini 

ci,lled phases' Water 

vapour  are  two  different  p ases  o substances,  but  they  arc 

Phases  are  not  necessarily  simply  sun  ^ ^ os  ph 
oTSrSVfant—s  of  solid  substances,  e.g.  gmnite  (p.  8). 
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fj  contain  as  many  phases  as  there  are  different  kinds  of  solid  substances 
« present  in  the  mixture,  since  these  are  distinguishable  alongside  of  one 
i (another.  When  several  phases  are  present  they  are  always  spatially 
i distinct,  and  can  be  mechanically  separated  from  one  another. 

The  law  that  can  be  deduced  from  the  behaviour  of  a system  which 
it  contains  the  two  phases  vapour  and  liquid,  is  that  one  of  the  existing 
1 idegrees  of  freedom  is  lost  by  the  formation  of  the  second  phase.  The 
| condition  that  a second  phase  shall  be  present,  must,  therefore,  be 
| regarded  as  the  disposal  of  one  of  the  magnitudes  which  can  be 
i arbitrarily  changed,  and,  accordingly,  the  number  of  degrees  of  freedom 
| diminishes  in  proportion  as  the  number  of  the  phases  increases. 

Influence  of  Pressure  on  the  Melting  Point  of  Ice. — An 
application  of  the  relations  which  have  just  been  deduced  can  be  at  once 
made  to  the  system  ice-water.  The  temperature  at  which  both  exist  side 
by  side  has  been  given  as  constant  (p.  1 15).  We  are  dealing  here  with 
one  substance  in  two  phases,  water  and  ice,  and  we  must  therefore 
conclude  that  here  also  one  degree  of  freedom  still  exists,  as  in  the  case 
of  the  system,  water  and  vapour, . i.e.  that  different  temperatures  also 
correspond  to  different  pressures. 

The  theoretical  conclusion  that  such  a variability  must  exist  led 
nvestigation  to  the  actual  discovery  of  the  variability,  which  was 
lot  previously  known.  It  was  found  that  the  melting  point  of  ice 
sinks  as  the  pressure  increases. 

This  variability  is,  certainly,  very  small,  for  it  amounts  to  only 
)-0073'J  for  one  atmosphere.  To  produce  a change  in  the  melting 
coint  of  1°  a pressure  of  136  atmospheres  is  necessary. 

The  small  changes  to  which  the  atmospheric  pressure  is  subject, 
md  which  may  be  estimated  at  yL-th  of  an  atmosphere,  alter,  therefore, 
he  melting  point  of  ice  at  most  by  0-0007°,  i.e.  by  an  amount  which 
:an  scarcely  be  detected  even  with  a sensitive  thermometer.  They 
nay,  therefore,  be  neglected  even  in  the  case  of  exact  measurements. 
Uthough  the  definition  of  the  melting  point  has  to  be  referred  to  a 
lefimte  pressure,  that  of  one  atmosphere,  there  is,  in  practice,  scarcely 
ver  occasion  to  take  the  influence  of  pressure  into  account. 

By  very  high  pressure,  therefore,  water  can  be  prevented  from 
zing  in  the  cold  of  winter..  Thus  water  was  enclosed  in  a steel 
■essel,  and  by  the  rattling  of  a ball  enclosed  along  with  the  water,  it 
/as  ascertained  that  the  latter  still  remained  liquid  at  -20°.  The 
equisite  pressure  had  been  established  automatically  by  the  freezing 
a little  water.  Since  ice  has  a volume  Jytli  greater  than  that  of 
ater,  the  solidification  of  a small  amount  in  the  closed  space  is 
umcient  to  produce  a very  considerable  pressure. 

This  peculiarity  of  ice  of  melting  under  pressure  has  a great 
1 ,l*°nCe  °n  the  meteorological  and  geographical  properties  of  solid 
_ei  When  two  pieces  of  ice  are  pressed  against  one  another  they 
at  the  surface  of  pressure ; the  issuing  water  which  escapes  from 

K 
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the  pressure  forthwith  solidifies  again,  and  the  two  pieces  of 
tne  piessiuc  iuiwi*.  rpi  . • ty,p  cause  that  loose  snow 

thim  ioined  together  to  a whole.  lms  is  tne  cau^u  unau 
tnus  ]omeu  As  every  one  knows  from 

fomis  j of  the  snow  occurs  all  the  more  readily 

*•  melting  point ; the  reason  of  this  is 

^y^rStl^gr^  and  so  fets  itself  in  motion  under 

itS  1^‘to  convince  oneself  o,  ^ property  by  jj 

form  clear  masses  of  ice'  • 

MTotTfo  £ fael  that^.  :s  — d ^th.her 
“Zne  exhibit  a rise  in  the, 

melting  point  with  pressure.  T? paction — The  relation: 

States  of  EquU  brmm-Law  of  ^ 

between  the  change  of  vo  ume  on  essure  is  not  a chance  one,  but 
the  point  of  solidafieatron  J b P ^ ^ holds  f„r  all  states . 

s *4=1  >T^rj± 

s:  MS  * * bij  wm  Us  H r 

partially  destroyed.  nresent  case,  in  which  we  have  a 

Apply  this  principle  now  to  the  pre^c^,  j{  ^ exffcise  . 

mixture  of  ice  and  watei  , ,;„Ahinv  its  volume  the  equilibrium  is 
pressure  on  the  mixture  jv  „.|Uf:h  the  pressure  is  again 

disturbed,  and  a process  must  occur  by^  ^ fa  produced., 

partially  relieved,  ».c.  by  w ic  water  ooeupies  a smaller  space 

S rt  tom^’is  produced.  The  melting  point  of  ice 

must,  therefore,  sink 'v,‘h  P”®Xmo  diminishes  on  solidification  this 
latter' must  be  brought  about  by  increase  of  pressure,  «.  the  me  n,  . 


; 


POiThtefoutton  otothe  e*above-  stated  universal  law,  which  Has  j 
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manifold  application  in  chemistry  and  physics,  lies  in  the  conception  of 
i equilibrium.  By  equilibrium  we  understand  a state  which  tends  to 
re-establish  itself  when  it  is  disturbed.  This  tendency  finds  expres- 
sion in  the  occurrence  of  phenomena  which  seek  to  reverse  the 
disturbance,  and  the  general  expression  of  this  tendency  is  the  law 
enunciated  above. 

* The  term  equilibrium  is,  as  is  known,  derived  from  mechanics. 
There  it  is  usual  to  distinguish  three  kinds  of  equilibrium : stable, 
unstable,  and  indifferent.  In  chemistry  the  conception  of  equilibrium, 
as  is  apparent  from  the  definition  just  given,  is  applied  only  in  the 
form  which  corresponds  to  stable  equilibrium  in  mechanics. 

The  Triple  Point. — On  applying  to  water  the  rule  just  enounced, 
that  increase  of  the  phases  runs  parallel  with  the  diminution  of  the 
degrees  of  freedom,  we  come  to  the  conclusion  that  it  must  certainly 
be  possible  to  have  three  phases  of  water  side  by  side,  but  that  such  a 
system  has  no  degrees  of  freedom  left.  It  can,  therefore,  exist  only  at 
a definite  temperature  and  a definite  pressure. 

Such  a^  possibility  does,  as  a matter  of  fact,  exist  when  ice  and 
water  are  introduced  into  an  empty  space.  The  space  then  becomes 
filled  with  aqueous  vapour,  and  we  have  ice,  water,  and  vapour  side  by 
iside.  J 

The  pressure  is,  in  this  case,  equal  to  the  pressure  of  water  at  0°, 
viz.,  0'4  cm.  mercury ; the  temperature  is  very  nearly  equal  to  0°. 
It  is  not  exactly  equal  to  this,  for  0°  has  been  defined  as  the  melting 
point  of  ice  under  atmospheric  pressure;  under  the  pressure  of  0'4 
cm.  prevailing  here,  which  is  almost  exactly  one  atmosphere  less  the 
temperature  is  therefore  + 0’0073°  (p.  129).  The  pressure  is,  accord- 
ing1/, a little  higher,  but  the  difference  does  not  affect  the  last 
decimal  in  the  number  stated. 

These  are  the  only  values  of  temperature  and  pressure  at  which 
;he  three  phases  of  water  can  exist  side  by  side,  and  any  change  of 
■me  of  these  values  causes  the  disappearance  of  the  one  or  other  phase. 

• the  pressure  is  raised,  the  vapour  disappears ; if  it  is  lowered  the 
vater  disappears.  If  the  temperature  is  raised,  the  ice  disappears  • if 
t is  lowered,  the  water  disappears. 

Such  an  invariable  point,  in  which  three  phases  of  a substance  can 
xist  side  by  side,  is  also  called  a triple  point.  Speaking  generally 
very  substance  will  possess  a triple  point  situated  in  proximity  to 
e melting  point.  Since,  however,  the  melting  points  are  scattered 
er  the  whole  range  of  the  measurable  temperatures,  so  also  are  the 
pie  points,  and  many  of  these  are  accessible  only  with  difficulty 

Vapour  Pressure  of  Ice.-As  has  been  experimentally  and 
heoretically  proved,  water  and  ice  have  the  same  vapour  pressure 
• Lt  amounts,  as  already  stated,  to  0'4  cm.  mercury. 

Ve  may,  however,  ask  how  the  vapour  pressure  of  water  cooled 
is  i elated  to  that  of  ice  at  the  same  temperature,  This  is 


t 0° 

■ 

elow  0C 


Fir.  53. 
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arcnl-iined  in  Fig.  53.  The  temperature  is  measured  on  the  base-line; 

— ; p--  «™  - ••  rrf  ass 

at  that  point,  therefore,  the  vapour 
pressure  of  both  forms  of  the  sub- 
stance water  is  the  same.  To  the 
left  of  this  is  shown  the  vapour 
pressure  curve  of  the  supercooled 
water  as  an  unbroken  continuation 
- of  that  of  the  warmer  water ; it 
lies  above  the  vapour  pressure  curve 
of  ice.  At  the  same  temperature, 

therefore  supercooled  water  has  a greater  vapour  pressure  than  ice 

This  is  the  reason  why  supercooled  water  cannot  exist  in  contact 
,v  J te  Imagine  a two  limbed  tube,  Fig.  54,  filled  at  » mth  water 
1 7 with  ice  At  0°  the  whole  will  remain  in  rest,  since  the 

vanour  pressure  of  ice  is  equal  to  that  of  water.  At  temperatures 
below  zero,  however,  the  pressure  above  the  water  is  greater  than  that 
above  the  ice  Vapour  must,  therefore,  be  constantly  given  off  y 
water  and  be  taken  up  by  the  ice,  and  this  can  cease  only  when  all 

the  water  has  become  converted  into  ice.  _ 

We  can  now  enounce  the  general  principle:  TkatwhiMumqm 

in^immediate'  contact,  and  in  both  cases  the  transformation  must 

“““he  prindpk  Twhieh  we  have  just  made 
importance,  and  has  a very  varied  application.  It  ranks  ^ 

Sr'W-;  IrZ'jL-JzrS 

“iT.™ a w"  - ''  

generates  kinetic  energy  which,  by  ne^on  of 
friction,  ultimately  passes  into  heat.  The  water 

in  the  ocean,  now,  contains  an  enormous  amount 

nf  heat  If  it  were  possible  to  use  this  hec 
for  moving  the  ship,  it  would  ultimately  return 
again  as  heat  into  t ie  ’ . order  t0  obtain  a fayOMW 

not  be  ^n  impossibility,  llu,t  a system  in  ^<*9* 
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does  not,  spontaneously,  set  itself  in  motion,  is  a further  independent  principle 
obtained  by  experience. 

A distinction  is  therefore  drawn  between  a perpetuum  mobile  of  the 
first  kind,  in  which  energy  would  have  to  be  created,  and  a perpetuum 
mobile  of  the  second  kind,  in  which  energy  at  rest  would  have 
spontaneously  to  set  itself  in  motion.  The  impossibility  of  the  former 
represents  the  first  law  of  thermodynamics ; the  impossibility  of  the 
latter,  the  second  law. 

The  manifold  and  important  conclusions  which  follow  from  the 
• second  law  will  often  occupy  us  later.  In  spite  of  its  apparent 
simplicity,  and  even  almost  axiomatic  character,  it  allows  of  results 
being  obtained  which  by  no  means  lie  on  the  surface. 

Water  as  Solvent. — Numerous  substances  form  solutions,  i.e. 
pass  into  homogeneous  liquids,  with  water.  These  still  exhibit 
essentially  the  physical  properties  of  water,  but  also  other  properties, 
i depending  on  the  substances  dissolved.  The  property  of  forming 
solutions  is  of  the  greatest  importance  in  chemistry,  since  chemical 
processes  occur  most  readily  between  liquid  substances.  The  range  of 
chemical  phenomena  would,  therefore,  be  much  more  limited  and 
difficult  of  access  than  it  is  if  the  formation  of  solutions  did  not 
■occui.  By  this  means  the  soluble  solid  bodies  and  gases  are  rendered 
.capable  of  reaction,  and  one  of  the  most  frequent  preliminaries  to 
chemical  operations  consists  in  bringing  the  participating  substances 
into  solution. 


The  formation  of  aqueous  solutions  is  not  limited  to  solid  sub- 
stances such  as  sugar  and  salt,  but  solutions  can  also  be  yielded  by 
liquid  and  gaseous  substances.  For  the  properties  of  the  solutions 
(produced  it  is  indifferent  in  what  physical  state  the  dissolved 
substance  previously  existed.  Thus,  entirely  identical  solutions  are 
Dbtamed  when  equal  amounts  of  alcohol  are  added  to  water,  one 
iime  as  liquid  and  the  other  time  as  vapour. 

By  reason  of  the  dissolved  substances  the  properties  of  water 
indergo  continuous  modification,  which  is  so  much  the  greater  the 
targer  the  amount  of  dissolved  substance.  The  vapour  pressure  of 
vater  more  especially,  is  always  diminished  by  dissolved  substances, 
?.  , e dlminution  is  proportional  to  the  dissolved  amount  so  long  as 

is  does  not  exceed  certain  limits  (in  round  numbers,  a tenth  of  the 
veight  of  the  water).  As  a rule  this  is  joined  with  a rise  of  the 
>01  ing  point;  only  in  the  case  where  the  dissolved  substance  itself  is 
a i e does  it  take  part  in  the  vapour  pressure,  and  then  the  boiling 
omt  may  fall  through  the  addition,  although  the  partial  pressure  of 

f nuree:r°T^  the  Vap°Urmixture  is  always  less  than  the  pressure 
pure  vater  at  the  same  temperature. 

lWs  t?is11  influenc?  obeTs  definite  and  very  remarkable 

’ ot  "hlch  we  shall  presently  speak  (Chap.  VIII.). 
e reezing  point  is  quite  similarly  affected  by  dissolved  sub- 
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stances,  sinking  proportionally  to  the  amount  of  dissol  !e<3 „ |“tk,ns 

This  law  also,  like  the  foregoing  one,  holds PrM«nre 
Relations  between  the  Changes  of  the  Vapour  pressure 

and  of  the  Freezing  Point.— The  phenomena  of  the  lowering  o< 

the  vapour  pressure  and  of  the 
freezing  point,  through  dissolved 
substances,  are  interdependent.  As 
was  explained  on  p.  131,  water 
and  ice  at  0°  are  in  equilibrium, 
because  at  this  temperature  both 
have  the  same  vapour  pressure 
If,  now,  the  vapour  pressure  of 
water  is  diminished  through  the 
solution  of  a foreign  substance,  the 
solution  can  no  longer  be  in  equilibrium  with  ice  at  0°,  but  only  at  a 
temperature  at  which  both  pressures  are  again  equal  If,  in  ^ 

w represent  the  vapour  pressure  curve  of  liquid  water 
ice,  the  vapour  pressure  curve  of  a solution  wdl  according  to  what 

has  been  said,  have  the  position  *.  The 

pressures  of  solution  and  ice  occurs  a e p point  will 

curves  i and  s cut, — in  any  case,  therefor  e,  e ow  , solution  has 

bp  so  much  the  lower  the  more  the  vapour  pressure  of  the  solution 

been  dTmSished  A constant  relation,  therefore,  which  is  independent 

dS^Xe  and  amount  of  the  dissolved  substance 

of  the  -pour  “ptessnre  • 

must  also  exhibit  the  same  lowering  of  the  freezmg  pomt  Statedm . 
numbers,  the  relation  is  such  that  a solution  whose  vapour  pro 
is  ^th  less  than  that  of  pure  water  freezes  1 0o  iowei  P 

WatThe  regularities  which  have  been  set  forth  here  in  the : case  of : I 
aqueous  solutions  are  not  restricted  to  these,  tat  are,  on  the  cont.a.y,  | 
universally  valid  for  liquid  solutions  of  every 

by  ws  r^?n  I 

Tt“oSs.lneSuch  compounds  are  called 

from  the  Greek  name  for  watei.  _ first  reactions,  - 

We  have  already  become  acquainted  with  some  oM-he  ^ ^ 

namely,  those  which  led  to  t e pronic  . °cti’ons  whereby,  I 

substances  added  combined  ™th  en  set  free  are  also 

conversely,  the  hydrogen  ,s  bound  and  the  0>cyge 

known,  and  will  be  iscussed  iater  (Chj  -h  ^ ^ elements 
The  compounds  produced  by  the  takin0  i 
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of  water,  which  are  called  hydrates,  are  very  various  in  kind.  Many 
of  them  can  be  again  very  readily  resolved  into  their  components ; by 
,a  rise  of  temperature,  especially,  water  is  formed  from  them  as  vapour. 
In  the  case  of  such  hydrates  it  is  usually  assumed  that  they  contain 
the  water  “as  such,”  in  contradistinction  to  such  compounds  as  do  not 
.give  oft  Avater.  This  method  of  expression,  however,  has  no  definite 
meaning  (cf.  p.  39),  and  closer  investigation  shoAA^s  that  an  unbroken 
transition  exists  betAveen  the  two  classes,  all  the  hydrates  being 
capable  of  being  arranged  in  a continuous  series,  according  to  the 
ease  Avith  which  they  give  oft  AArater.  The  measure  of  this  readiness 
•is  the  pressure  of  the  vapour  above  these  substances  at  a definite 
temperature.  e shall  enter  more  fully  into  these  relations  at  a 
later  point  (Chap.  XXI.). 

Y\  ater,  likeAvise,  frequently  exercises  an  influence  on  chemical 
reactions  through  its  two  components  oxygen  and  hydrogen.  Since, 
for  the  leasons  just  given  (p.  133),  most  chemical  inactions  are  carried 
out  in  aqueous  solution,  Ave  have  in  all  these  cases  the  further 
possibility  of  the  Avater  also  acting  chemically. 

This  consists,  essentially,  in  the  fact  that  in  chemical  reactions 
the  elements  of  Avater  can,  at  the  same  time,  leave  or  enter  a substance, 
[f  hychogen  be  conveyed  to  a substance  containing  oxygen,  the  latter 
may  either  take  up  the  hydrogen,  or  it  can  also  lose  oxygen,  Avhich  is 
Ten  eliminated  Avith  the  hydrogen  as  Avater.  LikeAvise,  a substance 
containing  hydrogen  can,  in  contact  Avith  oxygen,  become  either  richer 
n.  oxygen  or  poorer  in  hydrogen,  the  oxygen  in  the  first  case 

leing  simply  taken  up,  in  the  second  case  forming  AArater  Avhich  is 
eliminated. 


, The  taking  up  of  oxygen  is  called  oxidation ; its  withdrawal, 
reduction.  In  the  sense  of  Avhat  has  just  been  said,  however,  the 
■esult  of  the  oxidation  can  be  a decrease  of  the  hydrogen  instead  of 
■n  increase  of  the  oxygen ; in  the  same  Avay,  a reduction  can  result 
n an  increase  of  the  hydrogen  instead  of  a loss  of  oxygen.  In 
queous  solution  it . is  frequently  not  an  easy  matter  to  decide  which 
the  tAvo  possibilities  has  occurred.  It  is,  therefore,  generally  agreed 
o regard  the  taking  up  of  hydrogen  also  as  a reduction  in  any  given 
ase,  and  the  loss  of  hydrogen  as  an  oxidation.  We  shall  also  continue 
o use  these  expressions  in  the  double  sense. 

The  Quantitative  Composition  of  Water.— The  experiments 

escribed  on  pp  98  ff.,  which  demonstrate  the  composition  of  water  from 

nnfv'f  ^ hydrogen,  can,  by  suitable  elaboration,  be  used  to  establish 

of  these  two  elements.  Two  questions 

olArV  °f  the  ,ratl°  of  tbe  weig1i<'S  and  that  of  the  ratio  of  the 
floiumes  of  oxygen  and  hydrogen. 

>r  chemTsS,  °f  thecW!ig!tS’  a knowledge  of  which  is  of  importance 
' v ft  y ’ wfs  first  determined  Avith  some  degree  of  exactness 
f >y  Berzelius  and  Dulong,  1819)  in  the  following  way 
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tube  there  was  placed  a weighed  quantity  of  oxide  £ 
compound  of  oxygen  with  copper,  'Ze^  prtdLd,' an',1 

hydrogen  was  parsed  ov  r ^ V*  “ d ^weighed"  The  water 

;Tea  ~-nected,  its  last  vaporous  ^ 

calcium  chloride  (p.  87),  cand  likewise  weighed.  From  this 

h’S  Th^weightoHhe  oxygen  in  the  water  produced  is  equal  to  the  loss 

- Se  «n  « ?o  Le 

Seduced,  diminished  by  the  weight  of  the  oxygen d^ 

^ d"  Z tw^elemcnts^rtT united  to  form  water 
1 The?e  Xeriments  have  subsequently  been  many  tunes  repeated 
and  modified,  and  have  led  to  the  following  ratro 


Oxygen 

Hydrogen 


0-8881 

0-1119 


^?r“-5Ss3SiS^'S 

the  time  of  Berzelius  and  Du  g P thp  f?ases  and  of  the  water 

%£  d 

hT')tl°deda  ^result  whTch  Is  ^entire  agreement  with  that  cited 

ab0The  Ratio  of  Oxygen  to 

known  ratio  of  the  weighty  in  w tc  yg  b multiplyuig 

ftr;Ssth„?  r ^se"  eir.  extensitjes  or  dividing  hy  the 
densities  The  result  of  the  calculation  is  as  follows . 

1 gm.  hydrogen  occupies,  in  the  normal  state  the  volume  11,111  I 
cc  • 0-1119  gm.,  therefore,  occupies  H 43  . 

! em  oxygen  occupies^  the  normal  state,  the  volume  699  8*. 
s ’ }cc.  ; 0-8881  gm.,  therefore,  occupies  6-1  cc. 

1 vc  1 043  and  621,  however,  are  exactly  in  the  latioi 
2 ; Vf  M-gen  and  one  volume  of  oxygen  mute  to 

form  one  volume  of  water.  concerning  the  volume  ratio  of 

The  question  immediately  ar.  the  extensity  ofwater  vapour 

the  water  vapour  produc  . P ) . lculation  gives  the  volumes 

r c ss 
™ »>• the  hydroge" 
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which  has  been  used  up.  Altogether,  therefore,  the  volume  ratios 
are  as  follows  : — 


This  calculation  has,  in  the  first  instance,  been  carried  out  for  the 

I normal  state  of  the  three  gaseous  substances,  i.e.  for  the  pressure  of  one 
atmosphere  and  the  temperature  0°.  Since,  now,  the  ratio  of  the 
volumes  of  any  two  quantities  of  gas  always  remains  the  same,  how- 
ever the  common  pressure  and  common  temperature  are  altered,  these 
relations  hold  also  for  all  other  pressures  and  temperatures ; therefore 
they  hold  universally. 

Decomposition  of  Water. — We  can  convince  ourselves  of  the 
existence  of  this  important  relation  in  a clear  manner,  by  decomposing 
1 water  into  its  elements  and  measuring  the  volume  of  these.  Such  a 
decomposition  of  water  is  most  easily  effected  with  the  help  of  the 
electric  current.  If  such  a current  of  sufficient  potential  and  strength 
be  passed  through  water,  the  two  constituents  of  the  water  are  evolved, 
in  the  form  of  colourless  gases,  at  those  points  where  the  current 
lenteis  and  leaves  the  liquid.  One  of  these  gases  is  readily  identified 
as  oxygen,  since  it  kindles  a glowing  wood-splinter.  The  other  does 
not  support  combustion,  but  can  be  ignited  in  contact  with  the  air,  and 
burns  with  a pale  flame ; it  is  therefore  hydrogen. 

The  processes  in  the  decomposition  of  water  by  the  electric  current 
are  made  up  of  the  following  phenomena : — While,  as  is  known,  the 
^current  is  conducted  through  metals  without  any  other  change  taking 
p ace  in  the  conductor  than  that  it  becomes  more  or  less  heated,  there 
is  another  class  of  conductors  which  behave  in  an  essentially  different 
manner.  In  these,  also,  it  is  true,  a rise  of  temperature  occurs  which 
cepends  on  the  resistance  in  exactly  the  same  way  as  in  the  case  of  the 
metallic  conductors  or  conductors  of  the  first  class.  Resides  this,  how- 
ever, the  conductors  of  the  second  class  have  the  peculiarity  that  the 
current  cannot  pass  in  them  without  the  substances  at  the  same  time 
andergomg  movement,  some  substances  moving  in  the  direction  of  t.Vm 


give 


and 


two  volumes  of  hydrogen 

one  volume  of  oxygen 

two  volumes  of  aqueous  vapour. 
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transported  substances  must  occur  at  the  junctions  of  the  two  conduc- 
tors, and  these  substances  separate  out.  ...  piectricitv 

Thus  in  water  the  hydrogen  moves  with  the  pos  tive  electricity 

the  oxyo-en  with  the  negative.  At  that  point,  therefoie,  w ei  * 

positive  ‘ “electricity  passes  out,  the  cathode,  hydrogen  appears  ; at  the 
positive  eiecrnuty  i point  where  the  positive  electricity 

enters,  or  where  the  negative 

electricity  passes  out,  the  anode,  • ; 

oxygen  appears. 

In  order  to  carry  out  the  electri- 
cal decomposition,  or  electrolysis,  of  j 
water,  therefore,  the  latter  must  , 
be  placed  between  two  metallic  | 
conductors  which  effect  the  passage 
of  the  current.  The  apparatus  ha\  e 
different  construction,  according  to 
the  purpose  in  view.  An  apparatus, 
the  purpose  of  which  is  not  to 
allow  of  the  most  advantageous 
electrolysis  possible,  but  of  a con- 
venient demonstration  of  the  pio- 
cesses,  is  represented  in  Fig.  56. 

The  water 1 is  contained  in  a U- 
tube,  the  limbs  of  which  are  fairly  . 
~ long  and  closed  at  the  top  by  taps. 
At  the  lower  part  of  the  tube 
platinum  wires  are  sealed  in,  and 
to  these  are  attached  two  plates  of 
the  same  metal  by  means  of  which 
tlie  electric  current  is  conducted  . 

into  the  liquid.  At  these 

LVu— h r°taps.  ’ The  displaced  ! 

tube  at  the  foot,  and  through  a rubber  tube  into  *^ta°After  the 

ns  etnn 

trary  one  appears  m larger  amount,  ai  the  other- 

is  found  that  its  volume  is  twice  aS  ^ g ‘ f ‘ n which  can  be 

The  smaller  quantity  of  gas  consists  of  oxyae 

identified  by  means  of  a glowing  splinter. 

— , / ic  formed  111  dor 


I;:: 


ftc 


Fio.  50. 


t:SSe“hichtSn  double  the  volunre,  can  he  setoa 

° ...  , onl  r»ll  uric 


1 For  this  experiment  one  -loes  not ™ morewact  discussion  offc| 

acid  or  caustic  soda.  Joint  Chap.  IX.). 

electrolytic  processes  will  be  given  at  1 
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• fire,  burns  with  a pale  flame,  and  proves,  on  closer  investigation,  to  be 
hydrogen. 

The  Law  of  Combination  of  Gases  by  Volume. — In  view 
of  the  remarkably  simple  relation  we  have  just  met  with  in  the  case 
of  the  combination  of  the  gases  hydrogen  and  oxygen,  the  question  at 
once  arises  whether  we  are  dealing  here  with  a more  general  law. 
After  this  first  relation  had  been  established  by  Gay-Lussac  and  Hum- 
iboldt  (lbOo),  the  former  at  once  asked  himself  the  more  general 
question,  and  in  lbOS  answered  it  to  the  effect,  that  all  gases  which 
undergo  chemical  transformation  with  one  another,  do  so  in  the  ratios  of 
•whole  numbers,  by  volume.  If,  therefore,  any  gases  A,,  A.„  A., 
interact  chemically  with  one  another,  and  form  the  gases^Bj,  B.„  B3, 

. . . , the  \olumes  occupied  by  the  quantities  of  the  interacting  gases 
can  be  represented  by  the  equation 


?h1A1  + m2  A2  + m3  A3  + . 
v\  here  m„  m„,  m„.  . . . and  n, , n0,  n. 


= fqBj  + «2B2  + 7i3B3  + . . . 

. are  whole  numbers,  and, 


i-  *'2>  //(3>  • • • cllJkl  “'ll  «2>  '"3 

nostly,  small  whole  numbers. 

Giises,  therefore,  react  with  one  another  in  simple  rational  propor- 
ions  by  vo  ume,  and  the  volumes  of  the  gases  produced  likewise 
-xhibit  simple  relations  to  the  initial  substances. 

1 If  7®  1imaglne  °.ne  of  the  reacting  gases  withdrawn  from  the  total 
mount,  the  ratio  of  the  others  will  not  be  altered  thereby.  The  law 
re  have  enunciated,  therefore,  must  also  hold  good  when  one  or 
everal  of  the  substances  produced  do  not  exist  as  gases  at  the  tempera- 
nce of  the  experiment,  but  separate  in  the  solid  or  liquid  state.  We 
:an  extend  the  theorem,  therefore,  to  read  : If,  in  any  chemical  pro- 

:Afe?Jfzsxz  ihamar  at  the  ”* time • **  * 

licThhoe„LiaWl  0f  c°mbin,inf  Weights. — The  series  of  conclusions 
Inch  can  be  drawn  from  the  law  of  gaseous  combination  by  volume  is 

mite^rbR  d b/  the,kTS  T6  haye  -)'ust  enunciated.  Evidently,  it  is 
t or  dim  ° y tbe  aw  onl^  to  suc)l  substances  as  are  gaseous 

Since’  With  chanSe  of  assure  and 
wofvolumps  ° Ume  of  a11  gases  changes  in  the  same  ratio,  the 
matures  A ’TT  ^ f°r  any  (concordant)  pressures  and  tem- 
.1  id  the  nrp«  idlngly’  °ne  can  lma§ine  the  temperature  high  enough 
■ ad  the  p essure  low  enough  for  all  the  substances  to  be  gaseous;  the 

1 " T°/;o]™  ™uld  then  be  valid  for  all  chemical  processes. 

I usinn,P£earS’  n0,W’.to  be  a superfluous  piece  of  work  to  deduce  con- 

"■hidl  ST*  i*  produced,  Z 

;;S  z t ses to  m iu  the  case  °f » ^ «•»» 

men  can  be  dnectly  put  to  the  test. 

wuref ''oVua[hrlUmCS  °f  a n"mber  of  gaseous  subst“noos  to  be 
eu  on  at  the  same  pressure  and  temperature.  When,  then, 
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beIn|aoSthte  volumes,  however,  represents  a quite  definite  weight 
of  thfslunceTn  question,  which  is  proposal  to  the  gaseous - 

every  £e«bstace  a Mnit°e  ”ight  can  be  given,  which 
by  this  definite  weight,  or  by  a rational  multipd of  t.  11ns  number, 

'5&&&X2ES&&&; 

"“‘‘S&ense  extension  ^ 

has  been  proved  only  foi  the  comp.  course  to  be  minutely 

occurring  in  the  gaseous  s a e’  1 b j all  by  Berzelius  (1810  and 

tested.  This  work  was  undertaken  above ^ a J, 

«•)•  The  result  was  that  the  law  f m =nta,  ®w  of  quantitative 

^L^rTIndf  numbers  thereby  fixed,  the  combining  weights,  are 

the  real  units  of  chemical  omb;njng  weights  are  ratio  mm 

We  shall  further  remark  that  the  combining  (< 

bars,  since,  of  course,  the  choice  of  * one.  The  questioi 

which  the  gases  were  compel ec  . • ‘ arbitrary  number  t. 

as  to  the 

r£rh  thHe£r  “:lctr  tonste  that  the  number  16  for  oxyge, 

has  been  adopted  as  reference  . int0  consideration:  — M ’ 

Further,  we  have  to  take  the  foliowing^i  ^ ^ elements  fixed 

imagine,  first  of  all,  the  ,C,°™b“  f(^m  compounds  which,  in  turn,  ca 
These,  now,  can  come  toge  w elements.  Ever 

form  compounds  withe >“  ^ T «mibimng  weight.  Sine 

compound  substance,  thei  e > ■ , , , ]g0  for  the  compounds 

the  law  of  the  volume  -tio, these,  on  account  of  Ik 
the  latter  substances  the  combin  b S t0  the  sum  < 

law  of  the  conservation  0fto  a rational  multiple  ; 

the  combining  weights  of  the  ; { the  compound  sul 

thiS-  T :£ourt  "Sen  tTatW  are  never  smaller  tin 
stances  have,  of  course,  ro  uo 
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'dhe  sum  of  the  combining  weights  of  the  elements  in  order  to  avoid 
fractions  of  the  combining  weights  of  the  latter. 

Combining-  Weight  of  Hydrogen.  — In  order  to  choose  a 
-value  for  hydrogen,  we  can  simply  assume  the  combining  weight  to  be 
< proportional  to  the  gaseous  density,  so  that  equal  volumes  of  the  gases 
. also  contain  the  same  number  of  combining  weights.  According  to  the 
if'atio  of  densities,  then  (p.  8b),  the  combining  weight  of  hydrogen  must 
rube  made  equal  to  1*008  if  oxygen  is  equal  to  16. 

A difficulty,  however,  arises  when  the  product  of  combination, 
water,  is  taken  into  account.  Adopting  the  stand-point  that  the 
(combining  weights  are  directly  proportional  to  the  gas  densities,  we 
job  tain  for  water,  from  the  figures  on  p.  122,  the  value  9 '008.  The 
combining  weight  of  water  would,  therefore,  not  be  equal  to  the  sum 
)f  the  combining  weights  of  its  elements,  but  only  to  half  this. 

It  is,  therefore,  not  possible  to  make  the  combining  weights  simply 
oroportional  to  the  gas  densities  or  to  the  molar  weights  (p  89) 

„ without  falling,  into  contradictions.  In  the  course  of  the  develop- 
ment of  chemistry  attempts  have  been  made  in  various  ways  to  remove 
hese  contradictions.  The  following  is  the  method  now  universally 
■dopted : — 1 J 

j The combining  weights  are  determined  so  that  there  is  always  a whole 
\~f  (no  fractions)  of  combining  weights  contained  in  the  molar  weights 
. If  we  make  the  molar  weight  of  oxygen,  as  has  already  been 
one,  equal  to  3^,  and  that  of  hydrogen  to  2 -01 6,  the  molar  weight 
|f  ™ter  vapour  must  be  put  equal  to  18*016,  as  can  be  seen  from 

fe  densj5  C ata  011  P*  122-  If>  on  the  other  hand,  we  put  the  combin- 
ig  weight  of  oxygen  equal  to  16,  and  that  of  hydrogen  to  1*008  we 
m fulfil  the  requirement  which  has  just  been  stated.  The  molar 
I 6'?ht  of.0*ygen’  likewise  of  hydrogen,  then  contains  two  com- 
nin?  weights  of  the  elements,  while  in  aqueous  vapour  there  are 

C°mhlT%  of  hydrogen  and  one  of  oxygen,  the 

E tl°fs  k,ch  18  eTial  to  the  combining  weight  of  water.  In  the  case 
_ dm  substance,  therefore,  molar  weight  and  combining  weight 

Jhne'h01C6  iJUSt  mfd<)  haS  Sh°wn  itself  t0  be  sufficient  also  for  all 
her  compounds  in  which  hydrogen  and  oxygen  are  contained.  Not 

, ich  thmTn  nUmer0US  ^bsfcances  has  exhibited  a molar  weight  in 

rtfofhydrogem  " Sm  am°Unt  than  16  partS  °f  °X^n  or  1 -008 

l^mucl^bT  W^htf.of  the  Elements. — By  determining 
^ . , ‘ element  combines  with  one  combining  weight  or  16 

i NowmT’  the  C°mbining  weiSbfc  of  ^’at  element  is  obtained. 
liner  ;ei2e  S0U/e;,lt  18  ;iot  neeessary  to  assume  that  only  one  com- 
■nbfning  weight  ^ ofcher  clements  always  combines  with  one 
I reasmt  f S ^ ! °XySen’  but>  as  in  the  case  of  water,  there  may 

lessons  for  regarding  other  assumptions  as  better.  In  fact,  there 
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• *.  whpsre  such  is  the  case.  Since  these,  however, 

are  numerous  instances  • , . { tpe  chemical  relations  of 

SKtfS  '•  - - •“ 

with  °xygen  althou  h h JcanIfot  be  exactly  investigated  with 

C01!T'to  thi  composition,  or  analysed,  so  that  the  questton  anses 
regard  to  tne  i . wei  hts  are  determined. 

how,  in  these  cases,  the  afforded  by  the  definition  of  combin- 

er this  point  lnformation^^afford^b^  ^ ^ ^ Qnly  forthe 

ing  weight  given  on  p.  U ■ compounds  of  the  elements 

compounds  with  oxygen >it  ^ bceu  eBtabUshed,  that  an  element 

with  one  another.  If  then  lg  „m  of  oxygen  there  are 

B combines  with  oxygen  so  that  J determined  the  amount  c 


nf  a third.  element  wiuvU n 

c is  also  the,  combining  weight  o t e e emen  combine  with  the 

comLS^  * * 18  H 

of  one  and  the  same  elemen  elements.  This  has,  m 


of  one  and  the  same  — - relv  different  elements. 
and  through  the  medium  of  en  y determined  by  such 

fact,  been  done,  and  the  combn  g ^ide’ntical  within  the  limit 
different  methods  have  always  tionB  we  have  an  exceed- 

0f  the  experimental  ei loi.  combining  weights.  | 

ingly  important  confil™a  ° li  t o{  the  combining  weights  of  the 
The  following  table  gives  a q{  accuracy  • the  values 

" ruchthat  K be  an  error°in  the  last  place  of  less  than 
half  a unit. 


Table  of  the  Combining 


Weights  of  the  Elements 


1.  Aluminium 

2.  Antimony 

3.  Argon 

4.  Arsenic 

5.  Barium 

6.  Beryllium 

7.  Bismuth 

8.  Boron 

9.  Bromine 

10.  Cadmium 

11.  Csesium 

12.  Calcium 

13.  Carbon 

14.  Cerium 

15.  Chlorine 

16.  Chromium 


A1  = 27-1 
Sb  =120 
A = 39-9 
As  = 75-0 
Ba  =137-4 
Be  = 9-1 

Bi  =208-5 
B = U-0 
Br  = 79-96 
Cd  =112-4 
Cs  =133 
Ca  = 40 
C = 12-00 
Ce  =140 
Cl  = 35-45 
Cr  = 52-1 


17.  Cobalt 

18.  Copper 

19.  Erbium 

20.  Fluorine 

21.  Gadolinium 

22.  Gallium 

23.  Germanium 

24.  Gold 

25.  Helium 

26.  Hydrogen 

27.  Indium 

28.  Iodine 

29.  Iridium 

30.  Iron 

31.  Krypton 

32.  Lanthanum 


Co  = 59-0 
Cu  = 63-6 
Er  =166 
E = 19 
Gd  = 156 
Ga  = 70 
Ge  = 72 
An  =197-2  ] 
He  = 4 ^ 

H = 1-008 

In  =H4  I 
I =126-85  1 
Ir  =193-0 
Fe  = 56-0  .. 
Kr  = 81-8  1 
La  =138 
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Table  of  the  Combining  Weights  of  the  Elements — Continued 


33.  Lead  Pb  =206-9 

34.  Lithium  Li  = 7-03 

35.  Magnesium  Mg=  24-36 

36.  Manganese  Mn=  55-0 

37.  Mercury  Hg  = 200-3 

38.  Molybdenum  Mo  = 96 -0 

39.  Neodymium  Nd=  143-6 

40.  Neon  Ne  = 20 

41.  Nickel  Ni  = 587 

42.  Niobium  Nb  = 94 

43.  Nitrogen  N = 14-04 

44.  Osmium  Os  =191 

45.  Oxygen  O = 16'00 

46.  Palladium  Pd  =106 

47.  Phosphorus  P = 3i-o 

48.  Platinum  Pt  =194-8 

49.  Potassium  K = 39-15 

50.  Praseodymium  Pr  = 140-5 

51.  Rhodium  Rh  =103-0 

52.  Rubidium  Rb  = 85-4 

53.  Ruthenium  Ru=1017 

54.  Samarium  Sa  =150 


55.  Scandium 

56.  Selenium 

57.  Silver 

58.  Silicon 

59.  Sodium 

60.  Strontium 

61.  Sulphur 

62.  Tantalum 

63.  Tellurium 

64.  Thallium 

65.  Thorium 

66.  Thulium 

67.  Tin 

68.  Titanium 

69.  Tungsten 

70.  Uranium 

71.  Vanadium 

72.  Xenon 

73.  Ytterbium 

7 4.  Y ttrium 

75.  Zinc 

7 6.  Zirconium 


Sc  = 44-1 
Se  = 79-1 
Ag  =107-93 
Si  = 28-4 
Na  = 23  -05 
Sr  = 87-6 
S = 32-06 
Ta  =183 
Te  =127 
T1  =204-1 
Th  =232-5 
Tu  =171 
Sn  = 118-5 
Ti  = 48-1 
W =184 
U =239-5 
Vd=  51-2 
X =128 
Yb  = 173 
Y = 89 
Zn  = 65-4 
Zr  = 90-7 


A glance  at  the  table  shows  that  the  combining  weights  vary 
f within  very  wide  limits;  in  round  numbers,  from  1 to°240.  & b!  Jeen 

lumbers.67  dlStnbuted  prett^  uniformly  over  the  whole  series  of 

It  is  also  remarkable  that  the  combining  weight  of  hydrogen  is 

\,0  ThJhas^ \Ti] if  tabIeVS°  near  Unifcy’  without  being  exactly5 equal 

1 ve  fT  a ? hf  folIowing  historical  reason The  combining  weights 
:.ere  at  hrst  so  determined  that  hydrogen  was  nut  pmml 

Immn  h°TeVtir’  °nlVVeiy  feW  elements  are  capable  of  forming  hydrogen 
y.ompom^s,  the  indirect  method  just  described  had  to  be  applied  for 

OngTh?  Z COmbminf  WeiShts'  This  was  carried  out  by  ascer- 

p s',  as/“ 

«s  y.is  % fsffs 

u ecilial  t0  h or  such  elements,  in  the  raso  nf 

hS  oTSteTf  Ti116  i,,vestiSated.  measurements  were 

pygen  was.  therefore,  the  practical  basis  of  off  ,1  , • hydrogen. 

ld  hydrogen  was  only  T®  ' 

ffeht  was  the  smallest  of  all.  7 because  its  combining 

r hydro“n  fxZTh  ft  diS0°VeP  "'as  made  tiat  ^ ratio  1-16 
at  it  is°really  V000  “ gf  “d 

terefore,  to  be  made  as  to  whird  f fi  ’ 16  The  choice  had, 
tained,  and  the  decision  was 
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had, 


essentia,  reaeon  for  tins 

really,  always  formed  the  real  basis  01  « l6  were 

lions  with  the  combining  ^ ^J^^t  also  be  changed. 

changed  to  16  f>8,  a numl)er  16  for  oxygen,  and  changing  only 

By  retaining,  '°\v  > po08  no  such  recalculation  of  the  other  I 

that  for  hydrogen  from  . to  1 008  no  for  d was  affected 

rteSf»"m  16  has  been  adopted  as  the  basts  of 

£ combining  weights  of  the  "bining  Weights.-Since  ; 

degree  T^cSy' possesses,  and  whether  it  also  is  to  be 

regarded  as  a Rmitmg  law.  ^ combining  weights  is  as  exact  j 

Experience  has  shown  tha  . J , limit  0f  its  accuracy  has,  as 

as  the  law  of  the  conservation  of  weight,  i.e.  the  trna 

yet,  not  been  found  circumstance  that  the  law  of  combining 

This  is  connected  with  the  circu  with  „ases  or  with  sub- 

weights  remains  valid  wh^her  we  ^ ^ deduction  of  the  law  from  the 

stances  in  any  other  p J ‘ made  for  the  sake  of  clearness;  its 
law  of  volumes  of  gases  ™ of  quantitative  chemical 

foundation  in  fact,  however,  is  the  result  d 

analysis.  , -r,ArTY111ifP Since  all  compound  sub- 

Chemical  Symbols  and  nations  of  the  elements,  their 

stances  can  be  represente  as  <j  stating  the  elements  from 

composition  can  be  designated  * ^ ^ takes  a very  simple  form 

which  they  are  produced.  This  d » themselves,  abbreviated, 

when  instead  of  the  names  of  the  eiemen 

readily  intelligible  symbols  are  emp^  chemical  writings 

Such  a method  has  been  m use Mmost  ^ ^ importa»t 

exist,  for  even  m the  oldes  sented  by  individual  symbols. 

of  the  substances  occuir  g <•  Palg0  exists  throughout  the  whole 

The  use  of  such  a symio  ».  These  very  manifold  attempts,  . 

development  of  scientific  chemistry.  ^ |w  of  comM„i„g  , 

however,  received  a permane  B [;  had  made  an  exceedingly  r 

weights  was  discovered,  and  after  Ber eel  ^ 

simple  and  suitable  proposal  for  filing  ^ ^ more  or  less 

Whereas,  namely,  all  fowl  > to  the  memory,  Berzelius 
arbitrarily  chosen  and  offere  the  clf.meI,ts  themselves,  introducing 
derived  them  from  tie  nan  ^ for  tbe  element.  In  order  to  pu 

the  initial  letter  of  these  as  symbol  ^ ^ ^ t)]e  Latin  or  Grech 
differences  in  language  out  ^ ^ In  those  frequent  cases 

XI  several  &£  commence  with  the  same  letter,  the  aid  of  a 
“'‘’tit  ""i^n  hi  the  table  on  p.  1«  were  oblained. 
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While,  in  former  times,  such  symbols  had  only  a qualitative  signi- 
fication, the  law  of  combining  weights  makes  it  possible  to  attach  to 
them  also  a quantitative  meaning.  This  consists  in  also  understanding 
by  the  symbol  of  each  element  a combining  weight  of  that  element. 
The  symbol  0 for  oxygon,  therefore,  not  only  signifies  that  element, 
but  also  16  parts  of  it  by  weight. 

Since  the  combinations  between  the  elements  take  place  only  in 
the  proportions  of  the  combining  weights  and  of  whole  multiples  of 
these,  it  is  only  necessary,  in  order  to  state  the  qualitative  and 
quantitative  composition  of  a compound,  to  write  down  the  symbols 
of  the  elements  present  and  the  factors  by  which  the  combining 
weights  of  each  have  to  be  multiplied.  For  the  sake  of  convenience  it 
has  become  customary  to  write  the  factors  in  the  position  of  suffixes  to 
the  symbol  of  the  element.  The  composition  of  water  of  two  combin- 
es weights  of  hydrogen  and  one  of  oxygen  is,  therefore,  written  in 
the  form  H,0,  the  factor  1 being,  as  is  usual,  omitted. 

This  formula  expresses  the  fact  that  water  is  produced  from 
•2  x 1-008  parts  of  hydrogen  and  1 x 16-00  parts  of  oxygen  by  weight 
and  that  it  contains  these  and  no  other  elements. 

In  the  case  of  substances  whose  gaseous  density  and  molar  weight 
can  be  determined,  it  is  further  usual  to  write  the  formula  so  that 
they  express  a molar  weight  of  the  substance  designated.  Since  the 
combining  weights  were  chosen  on  the  principle  that  a whole  number 
of  combining  weights  is  contained  in  a molar  weight,  this  can  always 
oe  done  without  having  to  use  fractions  of  a combining  weight.  Such 
tormuhe,  therefore  allow  also  of  deducing  the  gaseous  density,  to 
winch,  of  course,  the  molar  weight  is  equal. 

Chemical  Equations.-By  reason  of  the  laws  of  the  conservation 

be^npnan  fWC°nSe7ati0n  °f  kind  (P'  60)’  chemical  P^cesses  can 
Tthe  °f  equatl0ns  m which  the  substances  are  repre- 

irst  thoT  i611’  Syi/;b0lS- , a f SUlt  °f  the  two  laws  named,  we  live, 
irst,  that  the  weights  on  both  sides  of  a chemical  equation  must  a-ree  ■ 

! i TT  ’ T °n;  eaCh  Skle  °f  the  eqUation  the  same  dements 

tv  i, T Ci'  °f  COmhmm9  weiffhts  must  occur.  The  way,  however  in 
hich  the  elements  are  combined  with  one  another  can  be  different! 

Foi  example,  the  formation  of  water  from  oxygen  gas  and  hvdro- 
,en  gas  is  expressed  by  the  following  equation 

0+2H  = H20. 

t0  'Vrife  the  eV>ati<>us  in  such  a manner  that  the 
ntial  substances  stand  on  the  left  hand,  and  those  formed  in  the 
eaction,  on  the  right.  Since  at  a vei’v  high  temmln  ml  111 

sit its  elements' this  process  ^ “i,rr 

H20  = 0 + 2H. 

L 
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As  can  be  seen,  when  more  than  one  combining  weight  of  the 

substances^  under  tZZ 

spending  factors  are  one  combining  weight 

•a6«"-  (It,  as  hydrogen  in  water)  are  written  as  a sufflx 

t * “ LTL'm^  te  formula, 

the  same  time,  by  m . , crenerallv  to  be  written 

substances  6q  f hydrogoi  tnd  of  oxygen  each  con- 

tataPtwo  combining  weights  of  tife  events;  we  must,  accordmg.y, 

Writ6  2H2  + 02  = 2H20. 


Hi 


If 


Hr, 


1 


From  such  an  equato  we^can,  at  Ae  sanm 
meaning  of  a molai  "e6  , ,1  tv.ak  one  volume  oi 

fxygen  and  two" “vlmeHf ' M^en  yield  two  volumes  of  water 

VaPThe  formulae  which  signif y molar  " js  yet  dis-  j 

tinguished  from  those  intended  only  to  denote  com  g | 

This  must  be  called  an  imperfection  In  this  book  mo 

where  such  arc  ^own  g" ^For  theTeprTsentation  of  the  simple 

The  Atomic  HYPot“®SJS-  ^ he  weight  and  volume  ratios  of 

and  comprehensive  lavs  to  v hvBotpetical  conception  has  been 

chemical  discovered,  which  affords  a 

in  use  since  the  time  these  l rplations  and  possesses,  there- 

very  convenient  Picture  ° pUrp0ses  of  instruction  and  investigation^ 
fore,  a great  value  foi  t P 1 . , peen  made  the  basis  of  t 

For  this  -on  "fomentation  throughout  the  whole  of  : 
the  language  and  mod  J chemical  investigation  are  almost  . 

"di  — tted'in  that  language.  For  this  reason  alone 

a knowledge  of  the  fiyPothe 0®  J " ® ^^aid  to  representation.  Of  the  • 
* In  general,  an  hypothesis  is  an  ® imiliar  to  us  from; 

phenomena  of  the  ou“r  ’ k““v  the  relations  which  exist 

repeated^  certainty.  If  now  we  find  a new  and  an- 


I 


'I 


among  them  with  great  ^^/unconsciously  seek  for  similar  ones 
familiar  class  of  phenomena,  succeed  in  discovering  such  a 

among  those  that  are  ^own  the  first  place,  the  fixing  oft 

similarity  we  gam  twe '**™£*-  greatly  facilitated  by  the  use  of 

to  ^esses  ^oncerniin" 

rrphlomen?uPnte  coitions  under  which  they  have  not  ye 
been  investigated. 


VII 


WATER 


147 


As  compared  with  the  less  known,  the  basis  of  the  hypothesis 
forms  such  a group  of  similar  and  well-known  phenomena.  Since  of 
all  phenomena  those  of  mechanics  are  usually  the  most  familiar  to  us, 

by  far  the  most  hypotheses  are  mechanical  analogies  of  non-mechanical 
phenomena. 

The  same  character  is  possessed  also  by  the  present  hypothesis. 
The  peculiarities  of  the  weight  relations  of  chemical  processes  are 
“explained”  by  a definite  assumption  concerning  the  mechanical 
nature  of  the  substances. 

| assuraption  consists  in  regarding  all  substances  as  composed 

of  very  small  particles  or  atoms.  The  atoms  of  each  elementary  sub- 
stance are  alike  among  themselves,  and  single,  and  are  different  from 
the  atoms  of  every  other  element.  The  atoms  of  a chemical  compound 
are  alike  among,  themselves,  but  are  composed  of  the  atoms  of  the 
elements  by  the  interaction  of  which  they  are  produced. 

From  these  assumptions  the  laws  of  chemical  combination  follow 
directiy.  The  assumed  identity  of  the  atoms  or  the  atomic  groups 
vhich  form  a definite  substance  gives  a picture  of  the  theorem  of  the 
definiteness  of  the  properties  of  every  substance.  The  assumption  of 
he  difference,  of  the  nature  of  the  atoms  of  the  different  elements 
explains  the  inconvertibility  of  the  elements  into  one  another  and 
the  assumption  that  the  atoms  of  the  elements  remain  intact  in  the 
compounds  and  are  only  differently  grouped  together  to  form,  in  each 
case,  an  atom  of  the  compound,  makes  the  law  of  the  connection 
between  the  derivatives  of  each  element  clear 

On  the.  same  foundation  also,  the  quantitative  laws  of  combination 

jfed6toI1b?^1i>1r  f nCe  a11  atoms  of  a definite  element  are 

assumed  to  be  identical  among  themselves,  we  must  also  assume 
Identity  for  the  weight  of  each  atom.  When,  therefore,  two  or  more 
different  atoms  combine  in  a definite  manner  to  form  a compound  the 
aroportions  by  weight  in  which  the  compound  is  formed  are1  also  fixed 

* the  number  and  kind  of  the  elementary  atoms.  Since  finahv  all 
^pounds  are  regarded  as  congeries  of  the7  corresponding  dementarv 
toms  the  proportions  by  weight  of  these  must  be  represented  uidveT 

th  V h6fnrhT  which  are  obtained  by  multiplying  the  weight  of 
<ci  kind. of  atom  by  the  number  of  them.  In  this  picture  thpi^fn 
he  combining  weight  of  an  element  assumes  the  sfgnification  of^  the 

• -g  of  an  atom>  and  tlie  designation  atomic  weight  in  place  of  com 

ming  weight  has  a universal  currency.  1 COm' 

Within  the  limits  here  given,  the  atomic  hypothesis  has  nrovcd 
be  an  exceedingly  useful  aid  to  instruction  and  invests, Hon 

r-r  ^ r ? 

■balances  were  composed  of  atoms  in  the  sense  explained.  “Vt  best 
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S3  combination  cannot  be  deduced  with  the  same  completeness 

by  means  of  quite  a give  up  the  advantage  of  the 

* 0“  does  no that  it  is  an  illustration  of  the 

atomic  hypothesis  .1  > suitable  and  easily  manipulated 

r — -rss  LtonT:!. 

later*  the  reality  will  b " different  from  that  which  the  picture  leads  one 

to  ■ysUny.  ^ 

regard"  tlnT s^cufation'as  w/oiig.  The  blame  can  quite  well  attach  to 

the  hypothesis.  . . e developed  here,  was  put  for- 

The  atomic  hypothesis,  in  the  sense  uevemi  ^ ^ ^ im_ 

ward  by  J.  Dalton  in  t e ''"Teornbiiiing  weights,  was  performed  by 
portant  consequence,  the  aw  f^  ^ ^ e“tive  Agreement  with  expel  i- 

Berzelius  (p.  140).  ->n  , position  of  great  consideration 

ment,  the  atomic  hypothesis  attained d* » Posl“n  * d it  raI„ 

and  universal  application,  so  that,  even  at  the  p.ese  y, 

almost  exclusively  in  chemistry.  essentially  from  the  general 

In  this  book  also  we  shall  not  deviate  essenUally  ^ ^ ,, 

"Sr  cSvme^ciSn'tL 

of  language  w,„ 

permit.  WvnnthesiS  — Just  as  the  laws  of  weight  in 

The  Molecular  Hjpothes  f volume  in  the  interaction  of 

chemical  processes,  so  a'so  ^ ^ mechankal  hypotheses  which 

ir;i;“ar  though  not  so  important  a part  in  the  develop 

ment  of  chemistry  as  the  atomic  hi  pot  volumes,  the  most: 

Since  gases  combine  -1  • ber  0f  atoms  is  contained  in 

«-  * *■* this  -4 

ptlon,  however,  ^act  ^ — ». 

hydrogen  and  one  volume  - ° ‘ ,lt  jror  let  the  number  of 

vapour  cannot  be  brought  mo  ^ ug  mabe  the  appropriate 

atoms  in  the  unit  of  vo  um  ’ ‘ ^go  jor  tbe  aqueous  vapour,  2> 

assumption  that  the  same  a f N at0ms  of  oxygen  and  2 V 

s;  oi  <* — « “ - of  yeen 

m"  Tldt  Tsnnotnetdhe  only  difficulty  of  this  kind ; on  the  contrary, 
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similar  ones  are  encountered  in  nearly  every  case  of  combination 
between  gaseous  substances. 

To  avoid  this  contradiction,  therefore,  it  was  necessary  to 
distinguish  between  the  atoms  and  the  smallest  particles  of  the  gases. 
If  Ave  assume  that  the  latter,  which  are  called  molecules,  are  composed 
of  several  atoms,  the  volume  ratios  of  the  gases  can  be  satisfactorily 
represented. 

The  consideration  of  all  known  cases  has  shown  that  a very  simple 
assumption  suffices  here.  The  contradiction  can  be  avoided  if,  in  the 
case  of  the  elementary  gases,  e.g.  oxygen  and  hydrogen,  the  molecules 
are  regarded  as  being  formed  each  of  two  atoms.  In  the  case  of  other 
elements  other  assumptions  are  in  part  necessary,  and  these  will  be 
discussed  when  we  come  to  them. 

According  to  this  assumption  there  are  contained  in  equal  volumes 
of  the  different  gases,  not  an  equal  number  of  atoms,  but  an  equal 
number  of  molecules.  If,  as  mentioned,  the  molecules  of  oxygen  and 
hydrogen  each  consist  of  two  atoms,  and  if  N is  the  number  of  mole- 
cules (not  of  atoms)  in  the  unit  of  volume,  we  have  the  following 
calculation  : — 

One  volume  of  oxygen  contains  N molecules,  and  therefore  2N 
atoms.  AVith  two  volumes  of  hydrogen  ( = 4N  atoms)  it  forms  two 
volumes  of  aqueous  vapour,  in  Avhich,  therefore,  2N  molecules  of 
Avater  must  be  contained.  If  one  assumes  that  each  Avater  molecule 
- consists  of  one  atom  of  oxygen  and  tAvo  atoms  of  hydrogen,  exactly 
2N  molecules  of  water  vapour  can  be  formed  from  the  atoms’ present, 
and  the  actual  relations  receive  a correct  representation. 

. ^ie  m°lecular  hypothesis  stands  to  the  conception  of  the  molar 
I w,eJfht  (PP-  89  aud  141)>  previously  introduced  on  the  basis  of  the  law 
I - of  (xay-Lussac,  in  the  same  relation  as  the  atomic  hypothesis  stands  to 
the  conception  of  the  combining  weight,  and  the  molar  weight  appears, 

! “ thc  b§bt  of  tbe  hypothesis,  as  the  relative  weight  of  a molecule  or 
v the  molecular  weight.  For,  if  an  equal  number  of  molecules  is  assumed 
>•  m equal  volumes  of  the  different  gases,  the  weights  of  the  different 
molecules  must  be  to  one  another  as  the  Aveights  of  equal  gas  volumes 
ii  i.e.  as  the  gaseous  densities  or  the  molar  weights. 

: requiremeilt  that  the  molar  weights  shall  be  expressible  in 

: imS  l-,iVa  UeS  °if  the  combinmg  weights  assumes  the  clearly 
; inotecules.6  ’ “ fraCti°nS  °f  atoms  are  to  be  turned  in  the 

| iJ'10!  namc  molecular  weight  is  in  general  use  for  the  previously 
[| deduced  conception  of  the  molar  weight.  It  may  also  be  Employed 

mind  that t ^ ^ hyP°theSf  °n  which  is  based-  if  one  bears  in 

md  that  it  expresses  an  actual  relation,  viz.  the  gaseous  density 

md  A™  i h^P^116818  lust  developed  was  put  forward  by  Aviadro 
« d Ampere  almost  simultaneously  i„  the  years  1811  and  fsio 
TKe  assumption  that  in  equal  volumes  of  gLes  equal  number  „"f 
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molecules  ace  contained  is  sometimes  called  the  law  of  Avogadro. 

of" Avog^'^Thria^on  which  these  considers- 
tions  are6  based  is  that  of  the  rational  volume  ratios  in  the  reactions 

between  Water.— Of  the  changes  which  take 

1 hv  the  interaction  between  water  and  sodium  (p.  83),  we  have, 

?' A G ^ siteed  only  the  evolution  of  hydrogen  from  the  water, 
w/shall  now  pass  to  the  investigation  of  the  other  products. 

In  ti  e fhs  place,  the  water  which  had  been  used  for  the  reaefon 
is  in  its  outward  appearance,  unchanged  ; the  product  which  has  been 
formed  from  the  sodium  must  therefore  be  soluble  and  yield  a colom 
less  solution.  That  something  new  is  present,  is  shown,  however,  y 
the  taste  which  is  unpleasantly  soap-like,  and  by  its  power  of  exhib  - 
^ rations  not  shown  Pby  water"  One  of  the  most  conspicuous  oU  e 
actions  is  the  alteration  of  certain  colouring  substances.  A P ece  of 
naner  coloured  purple  with  litmus  (a  colouring  substance  extracted 
from  lichens)  immediately  becomes  blue  when  moistene  vo 
nn  d formed  A piece  of  colourless  paper  containing  the  artificial 

tli6  substance  produced.  -j*,-  tVip  water  in  winch 

To  obtain  this  substance  » ^ tic  solution 

it  is  dissolved  must  be  remove  vapour  and 

behThis  method  which  is  generally  used  for  oM^g ^ "“23 
present  in  solutions  when  they  are  not  or  are  only  g . 

is  caned  evaporation.  The  ifearried  out^  they  dl 

according  to  the  scale  on  vhic  e P t^at  tpe  surface  of  the 

agree,  however,  in  bemg  of  such^  P^  For  ^ velocit,  of 
evaporating  liquid  is  kept  as  & j tp1Q.  jn  unit  time, 

evaporation,  or  the  amoun  o 1 evaporating  surface, 

increases,  ceteris  paribus,  propoi  iona  y i produced  by  the 

Caustic  Soda. — On  evaporatmg .the  wHch  isJsoiid 

action  of  sodium  on  water,  a white  ml  ^ {uses  and  redissol.es  in 

at  ordinary  temperatures,  hut  , f peat  It  is  the  same 

a small  quantity  of  water  on  p.  35 

substance  as  served  in  the  com  n products  of  combustion.  L a 

Mfo^sutSTe  dissoW  in  water  the  liquid  exhibits  all  the 
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colour  reactions  of  the  solution  produced  by  the  action  of  sodium  on 
water. 

That  this  substance  also  contains  oxygen  as  well  as  sodium  follows 
from  the  fact  that  it  was  formed,  with  evolution  of  hydrogen,  from 
water  and  sodium  ; in  it  there  must  be  present  the  oxygen  which  was 
previously  in  combination  with  the  hydrogen  evolved.  The  product, 
however,  need  not  consist  of  sodium  and  oxygen  only ; it  may  also 
contain  hydrogen  from  the  water. 

That  it  does,  in  reality,  still  contain  hydrogen  is  shown  by  the 
following  experiment.  If  a little  of  the  substance  is  mixed  with  finely 
powdered  iron,  and  the  mixture  heated  in  a small  tube  of  resistant 
glass,  closed  by  a cork  through'  which  a drawn-out  glass  tube  passes 
(Fig.  57),  there  soon  escapes  from  the 
opening  a gas  which  can  be  set  on  fire, 
and  can  be  immediately  identified  as 
hydrogen  by  the  film  of  moisture  formed 
on  a cold  glass  held  over  it. 1 Since 
the  iron,  being  an  “ element,”  contains 
no  hydrogen  this  must  come  from 
our  substance. 

The  result  of  more  exact  analysis 
shows  that  the  product  consists  of 
sodium,  hydrogen,  and  oxygen  in  the 
proportions  2 3 ’05  : 101  : 16 '00  by 
weight.  It  contains,  therefore,  an  equal 
number  of  combining  weights  of 
hydrogen  and  oxygen.  The  combining 
weight  of  sodium  has  been  found  equal 
to  2 3 ’05  ; since  the  chemical  symbol  for  sodium  is  Na,  the  formula 
NaOH  is  obtained  for  the  compound.  In  chemical  language  it  is 
called  sodium  hydroxide,  or  caustic  soda. 

The  name  sodium  hydroxide  is  intended  to  indicate  that,  besides 
oxy§en>  hydrogen  is  also  contained  in  the  compound. 

Compounds  which  are  constituted  in  the  same  way  as  sodium 
ydroxide,  he.  which,  along  with  the  metal,  contain  an  equal  number 
of  combining  weights  of  oxygen  and  hydrogen,  occur  in  large  numbers, 
or  almost  every  metal  can  form  such  compounds.  In  consequence  of 
eir  containing  these  elements  in  common  they  possess  certain  con- 
cor  ant  pioperties,  so  that  it  has  been  found  convenient  to  give 
them  a special  family  name,  and  also  to  give  a special  designation  to 
6 S1^Ut§  ? 7 The  metallic  compounds  are  called  bases,  and  the 
hydroxyl  >yCWX^'  ®ases  are>  therefore,  compounds  of  metals  with 

Not  all  the  metals  combine  with  hydroxyl  in  such  a way  that  to 

oaus7atVtron0p.t84.llydr0g(iI1  genemlly  Coloured  >’ellow'  and  this  from  the  same 
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one  combining  weight  of  the  metal  also  one  hydroxyl  is  present  On 
the  contrary,  other  reasons  have  often  led  to  assuming  combining 
weights  for  the  metals  such  that  two,  three,  and  even  four  hydroxyl 
groups  are  united  with  one  combining  weight  of  the  metal.  IJe  cor- 
responding hydroxides  or  bases  then  have  the  formula!  M(OH  ,, 
M(OH)  M(OH)  where  M is  the  symbol  of  the  metal.  Ihese  metals, 
and  also  the  bases  produced  from  them,  are  accordingly  called  di-,1 

tri-,  and  tetravalent.  „ . . . 

The  bases  in  so  far  as  they  are  soluble  in  water,  all  behave  m the 
same  way  as’ caustic  soda  with  respect  to  the  colouring  substances 
These  reactions,  then,  belong,  not  to  the  different  metals  from  which 
the  bases  have  been  produced,  but  to  the  common  component, 

Deliquescent  Substances. — On  evaporating  solutions  of  caustic 
soda  it  is  found  that  the  last  portions  of  water  are  difficult  to  remove, 
since  the  vapour  pressure  of  the  concentrated  solutions  is  very  much 

smaller  than  that  of  pure  water.  , , * 

Conversely,  caustic  soda,  freed  from  water,  has  the  property  if 
becoming  moist  in  air  by  condensing  on  itself  the  aqueous  vapour 
present  in  the  latter  (p.  122),  and  it  ultimately  takes  up  so  much 
water  that  it  liquefies  to  a solution.  Caustic  soda,  therefore,  is  called 

a ddTLe  'proper^of  deliquescing  is  not  one  belonging  exclusively  to 
caustic  soda,  but  also  belongs  to  many  easily  soluble  salts.  The  con- 
dition for  it  is  that  a solution  is  produced  which  has  a smaller  vapour 
pressure  than  the  mean  vapour  pressure  of  the  water  ^ the  am  S 1 
a substance  continues  to  withdraw  water  from  the  mo  st 
vapour  pressure  of  the  latter  becomes  equal  to  that  of  the  solution  p 
Zed  If  the  air  is  renewed,  as  in  the  case  of  substances  p aced  m 
open  vessels,  the  process  comes  to  an  end  only  when  a solution  R 
been  produced,  the  vapour  pressure  of  which  is  equal  to  that  of 

air'  Since  on  an  average,  the  air  is  saturated  with  aqueous  vapour  to 
an  extent  of  60  to  70  per  cent,  all  substances  will  deliquesce  ivlnc 
can  form  solutions  the  vapour  pressure  of  which  is  less  than 
that  of  water  at  the  same  temperature. 
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Hydrogen  Peroxide.  By  means  of  reactions,  the  details  of  which 
cannot  be  understood  till  later  (Chap.  XXV.),  it  is  possible  to  prepare 
a second  compound  of  hydrogen  and  oxygen  which  has  a different 
composition  and  essentially  different  properties  from  water.  This 
compound  is  called  hydrogen  peroxide,  a name  which  expresses  that  it 
contains  more  oxygen  than  water,  which  would  have  to  be  called 
hydrogen  oxide. 

The  Composition  of  hydrogen  peroxide  is  given  by  the  formula 
I his  states  that  for  the  same  amount  of  hydrogen  double  as 
much  oxygen  is  contained  in  the  new  compound  as  in  water.  In 

?!nno  S tIlB  /?lmnula  sll0ws  that  the  compound  is  composed  of  2 x 
1-008  parts  of  hydrogen  and  2 x 16 '00  parts  of  oxygen,  by  weight : its 
molar  or  molecular  weight,  therefore,  amounts  to  34-016  If  the 
weights  of  oxygen  and  hydrogen  present  are  divided  by  this  number 
and  multiplied  by  100,  the  percentage  composition  of  hydrogen 

The  KSUlt  iS  «*«»  -d  V1 

Hydrogen  peroxide  is  a thickish  liquid  with  a density  V5  and  is 

SEdY 11 ’Lyery  *““**  to  P»P-™  ¥*•  pure,  and  when  it  £ 

• , " ,lfc  very  readily  decomposes  spontaneously,  so  that  its 

PaSS,ng  °“  The  Potion  takes 

2H,02  = 2H20  + 02, 

•e.  the  substance  decomposes  into  water  and  oxygen  gas. 

On  account  of  its  great  readiness  to  decompose,  hydrogen  peroxide 
usually  prepared  and  used  in  the  form  of  a dilute  sottfon  Hh  h 

153 


154 


PRINCIPLES  OF  INORGANIC  CHEMISTRY 


CHAP. 


•firm  mnpp  9 x 34  <rm.  of  peroxide  evolve  32  gm.  of  oxygen, 
which"  under  ordinary  conditions  occupy  a volume  d ^jVxy “ A 
it  follows  iS  IVcordingly 

:^r3ef3SSr “of  oxygen,’ and  tire  solution  ordinarily 
used  of  strength  10  volumes  of  oxygen  contains,  therefoie,  rather 

%hirLCn°LPoksOISke  water,  but  has  a peculiar  astringent  tas« 

£ veL^ncetese  Jld  thus  be  readily  burst. 

_ \ ^ • -i-w-i noli  less  in  the  cold  than  in  the  heat,  and  is, 

moreoverTery  greatly  influenced  by  the  presence  of  other  substances. 
The  peroiide  can  be  best  preserved  in  a solntion  containing  a small. 

'‘^HyLoVeTVerixidVat  Oxidising"  Agent.-The  ease  with 

;;"t  pLStGtSn":  xlSTconibi,::  z 

m the  P,e“  oeroxide  is  therefore  an  oxidising  agent  Since 

oxygen.  Hyc  g P , formed  from  the  peroxide,  and  the 

gaseous  oxygen  is t0  a measurable  extent,  we  must- 
reverse  reaction  does  no  1 t • „OTit  tVian  caseous 

conclude  that  the  poroade  is  a,  stron|er  oxi  ^ t0  such  substances 

rr’no^ca^f  forming  compounds  ^with  oxygen  **  This 

conclusion  ^^^^ge^rM^^^the^a^don  of 

the  strongest  oxidising  agent,  and  me  > • generally  possible  by 

determined  for  each  oxidising  aSen  ^ in  a series  of  decreasing 

indirect  means),  we  can  then  )iminS  oxidising  agent  we 

pressures,  and  we  can  assert  that  ynth  ^^igher  ox  ^ 

can,  as  the  pressure  of  oxygen  cam 

j»r^,,Sb~iSKS 

sjsrs  BsAi — . 

The  Molar  Weight  of  » might  hav, 

hydrogen  peroxide  has  been .^n  of  Jhe  ready  dec-om 

if  ™P0..e  density  has  not  as  ye 


S': 


1 In  applying  this  reasoning,  position  ta\hT series  i 

idising  aVent  existing  in  the  ton.  and  is ’all  the  lower  the  moreddut 


solution,  ilo 

oxidising  ageni  existing  - r—  , tion  aud  is  all  the  lower  the  more  an 

dependent  on  the  concentration  o l e’(l  by  the  pressure  of  gases  as  nid 

the  solution  is  made.  The  same  part  » J]d  nnmixed  liquids,  howe  e 

follows  from  what  lias  been  said.  F 1 appreciable  alteration  only  thro  g 


me  hoiubiuu  * pnr  s0]i(i  substances  iuiu  uuuuav  . 1 , 

change  of  temperature,  which  vain.. 
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been  measured.  The  question  therefore  arises,  What  is  the  reason  for 
so  writing  the  formula  ? 

The  answer  is  that  the  molar  weight  of  substances  can  be  deter- 
mined not  only  from  their  gaseous  density,  but  also  from  their 
behaviour  in  solution.  It  has  been  mentioned  on  p.  133  that  all 
substances  in  solution  lower  the  freezing  point  of  water  (and  also  of 
every  other  solvent)  proportionally  to  the  concentration,  and  that  a 
similar  law  holds  for  the  lowering  of  the  vapour  pressure  (or  the 
elevation  of  the  boiling  point). 

One  is  now  led  to  ask  the  question,  What  quantities  of  the 
different  substances  are  required  to  produce  the  same  lowering  of  the 
freezing  point  ? The  answer  which  experiment  has  given  to  this 
question  is  very  remarkable.  The  quantities  of  substances  which  produce 
the  same  lowering  of  the  freezing  point  are  in  the  ratio  of  the  molar  weights. 

If  the  former  reasoning  (p.  134)  be  applied  to  the  case  of  the 
lowering  of  the  vapour  pressure,  we  must  make  the  further  statement, 
i that  the  amounts  of  substances  which  produce  an  equal  lowering  of  the 
vapour  pressure  also  stand  to  one  another  in  the  rctfio  of  the  molar  weights. 

The  elevation  of  the  boiling  point  is  proportional  to  the  lowering 
of  the  vapour  pressure.  We  can  therefore  enunciate  the  further 
theorem,  that  those  quantities  of  different  substances  which  raise  the  boiling 
point  of  the  solvent  by  the  same  amount  stand  to  one  another  in  the  ratio  of 
the  molar  weights. 

These  laws  are  of  especial  importance,  because  of  the  fact  that  they 
allow  of  the  determination  of  the  molar  or  molecular  weight  in  the 
case  of  those  substances  also  which  cannot  be  investigated  in  the 
condition  of  vapour,  either  because  of  the  fact  that  at  the  tempera- 
tures attainable  their  vapour  pressure  does  not  have  a measurable 
value,  or  because,  on  attempting  to  vaporise  them,  they  decompose. 
By  experiments  on  substances  whose  molar  weight  had  been  deter- 
mined by  measurements  of  the  vapour  density,  it  has  been  possible  to 
■ satisfy  oneself  of  the.  universality  of  the  laws  just  stated,  so  that  these 

can  be  applied  with  certainty  in  those  cases  also  where  this  control  is 
not  possible. 

Fi  om  the . theoretical  side  also  these  laws  are  assured,  and  the 
general  conditions  of  their  validity  have  been  determined.  Into  these 
questions,  however,  we  shall  not  yet  enter,  since  the  empirical  know- 
e ge  is  sufficient,  in  the  first  place,  for  their  application. 

. In  order  to  apply  one  of  these  methods,  e.g.  the  depression  of 
ne  freezing  point,  to  the  determination  of  the  molar  weight  of  a 
fliew  substance,  one  first  determines  the  depression  which  is  produced 
v e solution  of  a substance  whose  molar  weight  is  known  If  the 
amount  of  the  new  substance  required  to  produce  the  same  depression 

cn  determined,  the  weights  of  the  two  substances  are  in  the  ratio 

",olar.  weights  and  the  molar  weight  of  the  new  substanee 

nci  by  a simple  calculation  in  proportion. 
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* Thus  it  has  been  established  that  when  one  gram-molecule  or  one 
mole  (the  molar  or  molecular  weight  of  a substance  expressed  in  grams) 
of  any  substance  is  dissolved  in  a litre  or  1000  gm.  of  water,  the  solution 
produced  freezes  at  - 1'850°.  If  we  dissolve  g grams  of  the  new  ,1 
substance  in  G grams  of  water,  and  if  we  observe  for  the  solutmn  a 
depression  d of  the  freezing  point,  we  can  perform  the  following 
calculation The  amount  of  the  new  substance  dissolved  in  1000  m. 
of  water  is  1000  g/G ; this  has  produced  the  lowering  d According 
to  the  law  of  the  proportionality  between  the  amount  dissolved  and  . 
the  depression  the  depression  l-850  will  be  obtained  when  ie|l 
dtotd  amount  is  changed  in  the  ratio  i : 1-850.  This  amount, 
however,  is  equal  to  a mole  of  the  substance  since  the  depression 
1-850°  is  produced  by  one  mole  in  a litre.  Hence,  1 «c  en  I 
mole  or  the  molar  weight  in  grams  by  M,  we  have  the  proportion 


fr 


M 


1000 g 


G 


= 1'850  : d. 


From  which  there  follows 


M = 1850 


dG' 


• If,  then,  in  this  equation  we  substitute  the  weights  g and  (i  of 
the  substance  and 

freezing  point,  we  can  calculate  the  molar  wei0 

“he  equation  which  is  obtained  for  the -elevation I the  boffinj 
nnint  bv  dissolved  substances  is  quite  similar.  The  leason  e 
Tost  wore  for  word  the  same,  so  that  it  does  not  require  to  b 
reneatetl  - only  the  constant  has  a different  value,  vis.  520  I 
other  words,  the  molar  weight  of  the  dissolved  substance  is  obtained 

from  the  formula 


M = 520 


g 


,G’ 


form,  only  for  dilute  solutions.  Their  « “ + 

St  ^ SsSue  Sle.  Characteristic  values'  of  I 

oxide  is  much  less  volatile  ths  a-  ancj  a solution, 

of  the  substance  is  evaporated  the  '”1;  ' decomposabilitv  of 

richer  in  peroxide,  ^“SSith^nStog  eoncenttatien,  fairly  • 
the  peroxide  rapidly  increases  with  mciui  s 
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I strong  solutions  can  still  be  obtained  if  one  starts  with  very  pure 
| material,  and  carries  out  the  evaporation  at  a moderate  temperature. 

Under  reduced  pressure  the  concentrated  solution  can  finally  be 
I separated  into  water  and  almost  pure  peroxide.  For  this  purpose 
1 the  parts  of  a distilling  apparatus  (p.  108)  are  connected  air-tight 
together,  and  after  the  liquid  to  be  distilled  has  been  introduced  the 
apparatus  is  exhausted. 


The  purpose  of  distillation  under  reduced  pressure  is  to  enable  one 
to  accomplish  the  distillation  at  a lower  temperature.  Since  the  vapour 
i pressure  of  all  substances  rises  with  the  temperature,  and  boiling 
occurs  when  the  vapour  pressure  has  become  equal  to  the  external 
pressure,  the  substance  will  boil  at  a temperature  which  is  all  the 
lowejj  the  smaller  the  external  pressure  is  made. 

The  lower  the  temperature,  however,  the  less  is,  in  general,  the 
i amount  of  decomposition,  since  the  velocity  of  this,  like  that  of  all 
chemical  processes,  rapidly  increases  with  rising  temperature.  Dis- 
tillation under  reduced  pressure,  therefore,  is  employed  in  all  cases 
where  a substance  has  to  be  distilled  which  is  not  stable  at  the 
temperature  of  its  ordinary  boiling  point. 

Y\  hen  a solution  rich  in  peroxide  is  treated  in  this  manner,  where- 
by the  temperature  must  be  kept  under  80°,  water  with  a little 
peroxide  first  distils  over  and  then  almost  pure  peroxide.  This 
distillate  is  collected  in  a separate  vessel,  and  in  this  way  the 
substance  is  obtained  in  a very  pure  condition.  Such  a process, 
depending  on  the  differences  of  the  vapour  pressures,  is  called 
fi actional  distillation.  In  chemical  practice  this  method  finds  very 
widespread  application. 


Occurrence. — Hydrogen  peroxide  occurs  in  very  small  quantities 
ln  nature,  traces  of  this  substance  being  contained  in  rain  and  snow. 
Likewise,  small  quantities  of  peroxide  are  produced  in  many  cases  of 
combustion  and  also  in  other  oxidation  processes.  There  are  a num- 
ber of  very  delicate  reactions  used  for  the  detection  of  such  small 
unounts.  These,  however,  cannot  be  discussed  here,  since  thev 
oresuppose  a knowledge  of  other  substances.  They  will  be  discussed 
it  a suitable  opportunity  later  (Chaps.  XXIX.  and  XLI.). 

Catalysis.  Since  hydrogen  peroxide  can  deconqiose  spontaneously 
nto  water  and  oxygen,  a question  arises  similar  to  that  asked  on  p.  64 
vith  regard  to  the  combustion  of  substances  in  the  oxygen  of  the  air : 
5 hy,  then,  does  the  hydrogen  peroxide  not  decompose  ? The  answer 
s similar : It  does  decompose,  but  with  very  varying  velocity.  To 
ustiate  the  existing  relations  by  an  analogy,  one  can  imagine  the 
i>  logen  peroxide  replaced  by  liquid  oxygen  contained  in  a vessel 
_ 1C  1S  nofc  com lately  closed.  The  oxygen  in  this  vessel  is  also  not 
a permanent  condition  of  equilibrium,  but  it  escapes ; still,  although 

oes  not  — rr  With,  a SpaCe  °f  lower  Pressure>  its  pressure 
oes  not  tall  to  the  lower  value  instantaneously,  but  only  slowly,  and 
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this  with  a velocity  which  depends  on  the  size  of  the  opening  and  on 
the  amount  of  friction  which  takes  place  in  the  opening.  If  he 
opening  is  very  small,  it  may  be  a long  time  before  the  escape  of  the 

oxveeif  becomes  noticeable.  Every  circumstance  which  makes  the 
oxygen  oecoi  will  hasten  the  lowering  of  the  pressure; 

» >«  — < » "■«' 

Peiir,I  th^Lse1  oT hydrogen  peroxide,  now,  there  are,  as  a matter  of 
fact  verv  various  circumstances  known  which  act  in  the  sense  of  an  . 

, ’ • Jr  or  diminishing  of  the  opening,  i.e.  which  change  the  velocity 

with  which  this  spontaneous  and  continual  decomposition  takes  place. 

Thus  porous  and1 powdered  substances  greatly  accelerate  the  evolution 
S o xv-n  The  action  is,  however,  by  no  means  a purely  mech^ica 

I n®.  different  powders  of  similar  fineness  have  a very  different 
actln  according  to  their  chemical  nature.  Pyrolusite,  which  in  like 
n ^Xlccflerates  the  perfectly  s.mi.ar  *££-*»* 

qU1COn  Si  the  pyrolusite  after  the  experiment  it  is  found 
On  investigating^  u ' platinum  which  likewise  remains 

to  be  unchanged.  Fine  y < 1 fi’nely  divided  metals,  such 

so  ast  ^ «e°sfS  L"  fw  — ““ 

aCti™0f  the  catalytic  actions  it  can  be ** g 
cannot  bring  about  reactions  whici  wrn  ^ I{  -t  wel.e  t),e  case 

spontaneously  if  even ^ ^brought  about  by  a catalyse.'  in  a direction 
that  a reaction  could  be  bro  the  action  of  the  participating  . 

opposite  to  that  which  ■ J , to  interact  alternately 

substances  alone,  one  could  »llo^e  sutetan ces  to  obtain 

with  and  without  a catalyser,  and  thereby, ^u^d  to  perform  work,  and 

reversed  processes^  eseproce^^  of  the  sec0nd  kind  (p.  133),  ^ 

one  could  thus  estab  experience.  Thus  it  is  not  to  be  expected 

Aat  a catalysm^could  be  found 

would  be  ^identical  with  the 


i 
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very  dilute  boiuiwu-  

traces  of  peroxide  becomes  possible. 
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j experimental  refutation  of  the  law  of  the  impossibility  of  a perpetmnn 
ti  mobile  of  the  second  kind. 

Explosive  Properties  of  the  Peroxide. — Approximately  pure 
} hydrogen  peroxide  is  a dangerous  substance,  since  it  readily  undergoes 
a sudden  decomposition  with  explosion.  The  cause  of  this  is  that  in 
the  decomposition  of  the  peroxide  into  water  and  oxygen  heat  is 
developed.  If  the  decomposition  has  begun  at  one  point  the  sur- 
rounding portions  become  warmed,  the  decomposition  is  accelerated, 
fresh  amounts  of  heat  are  developed,  and  in  this  way  the  processes 
mutually  advance  one  another  to  the  point  of  rapid  reaction  which  is 
called  explosion. 

This  behaviour  is  exceptional,  since  most  reactions  take  place  in 
such  a way  that  they  check  themselves  (p.  130).  For  example,  when 
water  evaporates,  the  residue  becomes  colder  and  the  vapour  pressure 
diminishes.  That  hydrogen  peroxide  behaves  in  the  reverse  manner 
is  due  to  the  fact  that  it  does  not  at  all  represent  a state  of  equilibrium 
of  the  participating  elements,  but  a temporary  state  which  can  be 
observed  during  a certain  time,  only  because  the  approach  to  the  state 
of  equilibrium  takes  place  with  a certain  degree  of  slowness. 

Even  in  the  case  of  dilute  solutions  of  the  peroxide  the  heat 
development  during  decomposition,  under  the  influence  of  pyrolusite  or 
platinum,  can  be  easily  detected  by  means  of  a thermometer,  for  the 
temperature  rises  quite  considerably.  The  ordinary  solution,  which 
evolves  a tenfold  volume  of  oxygen,  would,  on  sudden  decomposition, 
rise  in  temperature  by  about  20°  if  loss  of  heat  were  avoided. 

Heat  Effects. — To  obtain  a knowledge  of  those  heat  effects  which 
accompany  chemical  processes  is  an  important  task  for  science,  since  it 
is  of  account  for  very  many  general  questions.  The  significance  of  these 
phenomena  is  that  the  amounts  of  heat  given  out  and  taken  in  are  a 
measure  of  the  changes  of  energy  connected  with  the  chemical  processes, 
ismee,  now,  the  chemical  processes  are  the  source  of  the  energy  which 
a ' J?yin§  plants  as  well  as  animals,  require  for  the  maintenance 

m life  ; since,  also,  the  energy  used  in  the  manufactures  is  derived 
mainly  from  chemical  sources,  the  importance  of  such  measurements 
is  readily  seen.  We  shall  here  shortly  explain  the  principles  of 
such  investigations.  1 

It  has  already  been  mentioned  that  heat  is  a kind  of  energy.  It 
s distinguished  by  the  property  that  it  is  produced  with  espedal  ease 
om  the  other  forms  of  energy.  When  any  chemical  reaction  occurs 

!,  tances  w,hlch  are  produced  have,  in  general,  a different  energy 
om  the  original  ones,  and  the  difference  of  the  two  amounts  appears 

p ! VV8  fr  n0t  dlfficulfc>  tlie  Production  of  other  forms  of  energy 
han  thnfnf  ?Gat  18  d«veloPed  ^ the  energy  of  the  products  is  smaller 
I [V8tern  f)  °f  the  init'al  substances  ; the  temperature  of  the  reacting 

Kuch  a«!  f11SeS'  ConverselD  lf  the  substances  are  converted  into 
h as  contain  more  energy  than  the  original  ones,  the 


energy 
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necessary  for  this  is  taken  in  the  form  of  heat  from  the  reacting  system, 
and  the  temperature  of  this  falls.  Both  cases  are  possible,  but  the 

'“TbiiVlvstem' hiTvhichX°cheniieal  reaction  takes  place  is  sur- 
rounded  by  a large  bulk  of  water,  the  heat  which  is  generated  passes 
i • n • i. _ or  in  the  converse  case,  is  taken  from  it.  If  the 

wcPGib  of  the  water  is  known,  and  if  the  change  of  temperature  he 
® 1 ,i  ,,  product  of  the  two  numbers  gives  the  quantity  of 

Tories  For  the  unit  of  heat,  or  the  calorie,  has  been 

defined  (p  117)  as  the  quantity  of  heat  which  is  necessary  to  change 
denned  tp.  l I 1 f t jf  N gm.  of  water  experience 

zz  — dt„g  q^f 

* tl'seevZt  however^ the'quantity  of  heat  developed  varies  with 
the  amountof  the  substances,  and  is,  indeed,  proportional  to  this  . 
In  order  to  obtain  definite  numbers,  therefore,  the  quantity  of  heat , 
must  be referred  to  definite  amounts  of  substance.  For  this  purpose  s 
tbe  following  method  of  procedure  is  in  general  use  . 

The  reaction  is  expressed  by  a chemical  equation,  and  is  imagined 
as  taking  place  between  as  many  grams  of  the  different  reacting  s"  , 
sLnces  as  the  numbers  of  the  corresponding  combining  weights  amount 
ra  A quantity  of  any  substance  whose  weight  in  grams  is  equal  to 
the  sum  of  the  combining  naughts  conUined  - the  ",  - ^ 

BctS  are  calculated  for  moles  of  the 

reacting  s“bs‘““S  Fomation  of  Water.-To  give  an  example  of 
Tne  xiea  . . consider  the  development  of  heat 

,1  ito™  gm  of  water  is  formed  from  its  elements.  An  .dec 

the  for  an  interft“g  calculatit°,” 

If  we  imagine  the  heat  whicl i is^de weloprfi tin 
temperature  of  the  aqueous ; ^ 1£  ^ flam*  of  the  oxy-hydrogei 
detonating  gas  the  P £ the  tity  of  heat,  68,400  cal,  b; 
blowpipe  is  obtained  by.  g 1 aqueous  vapour  on  ■ 

the  amount  of  beat  required  to  raise  » v.  ^ * Since,  ir 

degree,  or  tbe  thermal  capaci  ij ’ ° 1 heat  18  gm.  0f  water  vapon 

^1—f9  ^ the  oxy 
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i hydrogen  flame  must  be  68,400/9  = 7600°.  This  number  proves,  how- 
ever, to  be  much  too  high,  since  measurements  have  given  values  which 
do  not  much  exceed  2500°. 

The  cause  of  this  disparity  must  be  sought  for  in  two  directions. 
In  the  first  place,  the  thermal  capacity  of  aqueous  vapour  has  the 
given  value  only  at  lower  temperatures  ; at  higher  temperatures  it 
becomes  greater,  and  the  temperature  must  therefore  become  lower. 
Rut  then — and  this  is  the  chief  point — the  combination  of  oxygen  and 
hydrogen  to  water  is  not  at  all  complete  at  higher  temperatures,  but 
(the  higher  the  temperature  is,  the  greater  is  the  portion  which 
remains  uncombined.  The  combustion,  therefore,  raises  the  tempera- 
ture of  the  flame  only  to  the  point  where  a further  elevation  would 
effect  a separation  of  the  water  produced  into  its  elements.  Further, 
combustion  then  takes  place  only  in  proportion  as  heat  is  lost  by 
i conduction  and  radiation  and  must  be  replaced  by  fresh  combustion. 
This  temperature  is  then  the  true  temperature  of  the  flame  ; for  the 
oxyhydrogen  flame  this  is,  as  already  mentioned,  about  2500°. 

On  the  basis  of  the  law  of  the  conservation  of  energy,  we  can  state, 
n the  first  place,  that  the  same  quantity  of  heat,  68,400  cal.,  as 
ivas  developed  in  the  formation  of  one  mole  of  water’  from  its 
elements,  will  be  again  absorbed  in  the  decomposition  of  water  into 
■ts  elements.  For  if  this  were  not  the  case,  it  Avould  be  possible,  by 
he  alternate  formation  and  decomposition  of  a given  amount  of  water, 
o cause  the  pioduction  or  the  disappearance  of  any  desired  amount 
4 energy. 

The  further  conclusion  can  also  be  drawn,  that  the  same  quantity 
■f  heat  pro  mole  will  always  be  developed,  no  matter  in  what  way 
irater  is  formed  from  its  elements,  whether  by  combustion  with  flame 
■r  by  any  other  process.  The  correctness  of  this  assertion  can 
■Iso  be  proved  from  the  law  of  the  conservation  of  energy.  In  this 
•ase  we  must  only  hold  to  the  supposition  that  no  other  forms  of 
energy  appear  or  disappear. 

On  the  other  hand,  the  development  of  heat  must  be  different,  if 
{ ater  is  produced  not  from  the  gaseous  elements  but  from  some  other 
(instances  which  can  yield  oxygen  and  hydrogen.  And,  indeed,  the 
ntterence  must  amount  to  exactly  as  much  as  the  amount  of  heat 
eveloped  or  absorbed  in  the  conversion  of  the  gaseous  elements  into 
ie  compounds  in  question.  This  theorem,  also,  is  based  on  the  law 
i t the  conservation  of  energy. 

! With  reference  to  the  problem  before  us,  the  principle  of  the  con- 

hrvation  of  energy  in  its  most  general  application  assumes  the 
mowing  form  : — 


There  can,  in  general,  be  ascribed  to  every  substance  existing  in 
definite  state  a definite  content  of  energy,  which  is  proportional  to 
amount  of  substance,  and  which  for  a mole  has  a definite  value 
ne  amount  of  this  energy  is  unknown  to  us,  since  we  cannot  in  any 
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wav  abstract  from  a substance  all  the  energy  which  it  contains  AYe 

In  however,  measure  the  differences  of  energy  between  two  substances 

befoi'Tnd  after  the  chemical  process,  for  these  are  the  amounts  of 

cnenrv  which  are  developed  or  absorbed  as  heat  in  the reaction.  lie 

cnerev  relations  of  substances  can  be  represented  in  the  foim  of 

equations  in  which  the  energies  of  the  single  substances  are  so  repre- 

hnvi  +w  tbmr  differences  have  definite  values. 

'“Alchemical  Equations.-From  this  there  follows  a 
Thermocaem  of  guch  meaauremcntB  a manner 

'"bib  e,  for  calculation.  The  chemical  formula  of  a substance  receive, 

£^ssr=« 

by  Cs— t of  theYmount  of  energy  which  is  — J £ S 

e, 

wata  from  its  elements,  in  the  form  of  such  an  equation,  we  write 


if' 


'1 


I 

I; 


2H„  + 02  = 2H,0  + 2 x 68,400  cal., 


a ,i  rrii  pnerev  of  two  moles  hydrogen  and  onetj 

wh  ch  we  read l thus  . Th  of  water  by  3 a 68,400  cal ; | 

of  water.  . . , • Tuioce  of  the  results  of 

This  method  of  writing  allows,  in  the  first  place,  oi  t 

measurement  being represented  in  ajiu t0  calculate 
the  further  great  advantage  hat  ft  also  make^.t  1 ^ m J 

“thod  oTdoing  this  will  be  given  immediately  when  we  com.  to 

S‘UY  “ vaS  the6  form  of  these  calculations,  it  has  to  be  further 

mentioned  that  in  **%£*£%  ^ „1  3etl2^ 

SS  unitis  t»:  sYLll ifor  the  accuraqyoi ""  “p^ 
hitherto  attained,  the  kilojoule,;  , "’th  equation  1 cal.= 

To  reduce  calories  to  kiloioides,  we  bave^th  8^  fol.  th. 

0-004183  h,  or  1 - ioy  1 ecu.  i 

formation  of  water  from  its  elements  reads 

:2H20  + 2 X 286  bj. 


2H.2+02- 


Heat  Effects  in  the 

and  oxygen  gas  (p.  159)  can  he  rePn 
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3!  sented  in  a similar  manner.  The  result  obtained  by  measurements  is 
aj  that  an  amount  of  heat  is  developed  equal  to  97  kj  pro  mole  of 
■•'I  hydrogen  peroxide.  We  must  therefore  write 

2H20.2  = 2H20  + 02  + 2 x 97  kj. 

<y|i  From  this  there  follows,  by  rearrangement, 

2H,0  + 02  = 2H20„  - 2 x 97  kj. 

This  equation  differs  strikingly  from  the  former  one.  Whereas  in 
the  pievious  case  the  formation  of  the  compound  was  accompanied  by 
a development  of  heat,  the  compound  containing,  therefore,  less  energy 
than  the  components,  the  opposite  is  here  the  case.  One  must  not, 
therefore,  assume  that  every  process  of  combination  takes  place  with 
evolution  of  heat  : the  reverse  is  also  possible,  although  less  frequent. 

If  we  write  the  two  equations 

2H9  + 00  = 2H.70  + 572  kj 
and  2H20  + 02  = 2H202  - 194  kj 

; below  one  another  and  add,  we  obtain 


2H.,  + 202  = 2H202  + 2 x 189  kj. 

Expressed  in  words,  this  equation  reads  : In  the  combination  of 
ioxygen  and  hydrogen  to  form  hydrogen  peroxide,  189  kj  are  developed 
for  every  mole.  1 

In  this  way  we  obtain  the  heat  of  reaction  of  a process  which  can 
not  be  carried  out  in  such  a way  that  it  can  be  measured,  and  which 
berefore,  cannot  be  directly  investigated.  The  justification  for  this 
calculation  lies  in  the  fact  that  every  formula  in  a thermochemical 
iquation  represents  a definite  amount  of  energy,  and  in  the  fact  that 
energy  magnitudes  can  be  added  without  limit.  The  calculation 
berefore,  presupposes  nothing  more  than  the  validity  of  the  law  of  the 
:onservation  of  energy. 

On  subtracting  the  upper  equation  from  the  lower  we  obtain 
2H202  + 2H2  = 4H20  + 2 x 383  kj. 

hft is : on  the  combustion  of  hydrogen  to  water  by  means  of 
ydrogen  perox.de,  383  kj  pro  mole  of  peroxide  are  evolved  Here 
gain  the  heat  effect  of  a reaction  has  been  calculated  which  cannot 
e subjected  to  direct  measurement.  0t 

1 As  can  be  seen  from  these  calculations,  one  can,  on  the  basis  of  n 
^ * measurements  calculate  the  heat  effect  of  quite  a number  „f 
C”ns  wh'c|>  «»  or  could  take  place  between  the™  Stint 
ith  the'nn  1 ° 11"“ber  of  calculations  possible  increases  very  rapidly 
I11  the  nUmber  ot  d'rect  measurements.  There  is  a whole  branch  of 
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scientific  chemistry,  known  ns  t Iwnwchemistm  which  has  the  study  of 

these  relations  for  its  object.  . . f l 

These  calculations  can  be  most  readily  reviewed,  if  for  each  cora- 
L native  or  negative)  heat  effect  which  accompanies  or 
w°ould  accompany  its  formation  from  its  elements  is  calculated.  This  is 
ltd  the  S of  formatim.  The  heat  of  formation  of  water  ,s  equi 
o«r,  ki  ■ that  of  hydrogen  peroxide,  lo'J  Icj. 

In  ^e  sequel  wj  th"  ' 

then  tcalculated^he  heat  effects  of  the  other  reactions  in  which  these, 
substances  take  par  t. 


CHAPTER  IX 


CHLORINE 


Formation  from  Hydrochloric  Acid  and  Oxygen.-— We  now 
turn  to  the  study  of  hydrochloric  acid,  which  was  used  (p.  85)  in  the 
preparation  of  hydrogen.  From  those  experiments  it  followed  that 
» hydrogen  is  one  of  its  constituents.  It  contains,  besides,  another 


ilement  called  chlorine,  which  in  that  experiment  did  not  become 

fo"  'vith  the  2inc’ for  'viiich 

aanner°b^ilt?iS  °tkher  *lement  rauat  Proceed  in  the  reverse 
set  fiee  the  chlorine,  we  must  convert  the  hydrogen  into 
; ompound  winch  can  be  separated.  This  we  can  effect  ?by  acting  on 

m W “f  TSm-  U ‘hiS  “Cti°n  t0°k  pIaC6  in  ‘he  deied 

nd  « should  aS:^TnW°Uld  int°  WaterplUS  ClllOTine' 

As  a matter  of  fact  this  process  is  practicable.  If  a current  of  air 
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be  passed  through  a bottle  filled  with  concentrated  hydrochloric  acid 
and  slightly  warmed,  vaporisation  takes  place  and  a mixture  of  air 
and  hydrochloric  acid  is  produced  (Fig.  58).  This  is  passed  through 
the  tube  B filled  with  pieces  of  pumice-stone.  lor  a reason  to  be 
o-iven  immediately,  the  pumice-stone  has  been  moistened  with  a solu- 
tion  of  copper  sulphate  and  ignited.  When  the  apparatus  is  set 
working,  there  escapes  from  the  tube  a mixture  of  air,  aqueous  vapour, 
and  a new  substance  which  betrays  itself  by  an  exceedingly  unpleas- 
ant smell.  This  substance  further  possesses  the  property  of  g1V]ng 
a conspicuously  dark-brown  colour  to  a solution  of  potassium  iodide 
(n.  47).  Paper  dyed  with  vegetable  colours,  e.rj.  litmus  paper,  is 
bleached,  and  the  bright  surface  of  all  kinds  of  metals,  even  silver  and  1 1 
mercury,  becomes  tarnished.  This  new  substance  is  the  sought-for 

element,  chlorine.  . ..  ^ 

The  amount  of  chlorine  obtained  in  this  way  is  small.  lurther-- 

more,  the  substance  is  contaminated  by  the  excess  of  air,  so  that  this  - 
method  is  not  suitable  for  the  preparation  of  chlorine  for  laboratory 
purposes,  and  was  mentioned  first  only  on  account  of  the  simplicity  of  fl 

the  of  the  copper  sulpbate  on  the  pumice  is  to  accelerate 

the  interaction  between  the  hydrogen  chloride  and  the  air,  for  he 
copper  sulphate  acts  catalytically  on  this  reaction  in  a manner  similar  4 
to  that  in  which  platinum  acts  towards  detonating  gas  (p.  106).  _ 

This  method  for  obtaining  chlorine  from  hydrochloric  acid  and  air 
is  carried  out  on  a large  scale  for  technical  purposes,  and  is  called,! 

after  its  elaborator,  the  Deacon  process. 

Another  Preparation  of  Chlorine.— Better  yields  and  a purer 

product  are  obtained  by  employing  for  the  .t™"^or“at“n 
hydrochloric  acid  suitable  oxygen  compounds  mstead  of  the  gas^ 
oxvo'en  of  the  air.  As  such,  there  can  be  used  most  of  those  sub- 
stances which  we  have  already  got  to  know  as  sources  of  oxygen. 
The  most  suitable  is  pyrolusite,  which  is  a compound  of  manganese. 
/ri  5 4 \ rich  in  oxygen.  Manganese  is  a metal  similar  to  iron,  which q 
occurs  i ii  large  entities  in  nature  and  finds  mamfold  appl.cat.on  .nr 

through  the  tube  C,  washed  with  water  m D to  xenio 
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it  concentrated  hydrochloric  acid  is  placed.  The  evolution  of  gas  takes 
1 1 place  in  proportion  as  the  acid  is  allowed  to  flow  to  the  bleaching- 
7 powder. 

The  theory  of  this  process  cannot  be  given  till  later  (Chap. 
XXIII.) ; it  must  suffice  here  to  indicate  that  we  are  again  dealing  with 
an  oxidation  of  the  hydrochloric  acid,  the  hydrogen  of  this  being  con- 
verted into  water. 

Properties  of  Chlorine. — By  these  methods  a gaseous  substance 
is  obtained  of  a yellowish-green  colour,  which  is  distinguished  by  very 
striking  properties  from  all  the  gases  hitherto  studied.  It  possesses 
in  the  highest  degree  the  unpleasant  smell  we  have  already  mentioned, 


has  a corrosive  action  on  the  mucous  membrane  of  the  mouth  and 
nose,  and  is  therefore  very  harmful  and  poisonous.  This  gas  cannot, 
like  oxygen  or  hydrogen,  be  collected  over  water,  since  it  is  fairly 
soluble  in  that  liquid.  In  other  cases  mercury  is  used  for  such 
gases,  but  it  cannot  be  employed  here,  since  it  immediately  combines 
with,  chlorine.  In  order  to  collect  the  gas,  use  is  made  of  its  great 
density ; if  the  gas  is  conducted  to  the  bottom  of  a dry  bottle,  it 
remains  at  the  bottom  and  gradually  displaces  the  air.  By  holding  a 
piece  of  white  paper  behind  the  bottle,  it  is  easy  to  observe  the  pro- 
gress of  the  filling,  the  green  gas  forming  a distinct  contrast  to  the 
colourless  air.  When  the  bottle  is  filled,  it  is  closed  by  a ground-in 

stopper,  rendered  tight  with  vaseline,  and  the  filling  of  a fresh  bottle 
is  proceeded  with. 

■ Since  some  chlorine  always  escapes  into  the  air  during  this  pro- 
cess, the  preparation  must  be  carried  out  in  a good-drawino-  fume 

| amber>  or  else  in  the  open  air.  Also,  while  the  bottle  is  being  filled, 
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it  may  be  closed  by  a doubly  bored  cork  through  which  a supply  and  a 
discharge  tube  pass.  By  means  of  a wash-bottle  with  caustic  soda,  it 
is  then' possible  to  render  the  escaping  gas  innocuous  _ 

As  is  seen  from  this  behaviour,  the  density  of  chlorine  gas  is  con- 
siderably greater  than  that  of  air  ; its  molar  weight  has  been  found  , 
by  measurement  to  be  71.  Chlorine  is,  therefore,  about  2' 3 times  as 
heavy  as  oxygen  (M.W.  = 32),  and  2*5  times  as  heavy  as  air. 

Chlorine  is  distinguished  from  the  gases  hitherto  considered,  by 
the  fact  that  it  obeys  the  gas  laws  with  much  less  exactness.  Like  all  . 
o-ases  of  comparatively  great  density,  it  exhibits  measurable  deviations 
even  under  ordinary  conditions;  for  with  increase  of  pressure  or  fall » 
of  temperature  its  density  increases  more  than  it  ought  to,  according 

to  the  gas  laws.  , . , . . , 

Connected  with  this  is  the  fact  that  chlorine  can  be  fairly  easily 

condensed  to  a liquid.  At  0°  a pressure  of  3 '7  atmospheres  is 
sufficient  for  this  ; at  room  temperature  (18  ) the  pressure  amounts  to 
16-5  atmospheres,  and  the  critical  temperature  is  reached  only  at  146  . 
Above  this  temperature  chlorine  cannot  be  converted  into  a liquid  by  r.| 
any  pressure.  The  highest  pressure  just  underneath  this  temperature 
by  which  chlorine  can  still  be  liquefied,  i.e.  the  critical  pressure, ,| 

amounts  to^atrms,  ^ ^ it  possibie  to  condense  chlorine  into 

steel  bottles  which  have  been  tested  for  a considerably  higher  pressure 
than  the  critical  pressure,  and  in  which  the  chlorine  can  be  stored L and 
transported.  Although  chlorine  under  ordinary  conditions  especial  y | 
when  moist,  eagerly  combines  with  almost  all  metals,  carefully  dried  | 
chlorine  shows  itself  so  inactive  that  there  is  nothing  to  Pr^ent  H 
manipulation  in  metallic  vessels  By  means  of  an  ^ired 

gas  can  be  withdrawn  from  such  a holder  (Fig.  37,  p.  103 « df*  , 
and  one  is  thereby  spared  the  very  troublesome  preparation  of  the  gas 

when  much  of  it  is  required.  limited  to' 

The  peculiar  action  which  water  here  exhibits  is not  hmffied  « 

i ]■„  . tV|Pre  are  very  many  reactions  which  take  place  o J 

velocity  that  the  result  can  be  observed 

F„  a Zsurable  time.  All  these  must  be  numbered  along  wrth  the 

catalytic  phenomena  (p.  104).  b 

Liquid  chlorine  has  the  green-yellow  colour  of  the  gas  m 

higher  degree.  It  is  an  oily  liquid,  of  density  1 56  g gub 

" At  lower  temperatures  chlorine  passes  into  a s , b 

stance  which  exhibits  the  same  green-yellow  colour  as  is  s r 

chlorine  in  its  other  states.  . , • f„;rw  lar^f  l 

Solubility  in  Water.  Chlorine  dissolves  » . water  U 

amount;  under  ordinary  circumstances  one  1 Ue  o ' « 
about  three  litres  of  chlorine.  The  solution,  » Inch ^ has  the  sm' , 
taste,  as  well  as  the  corrosive  and  bleactog  pro^rhe^of  Ato  ^ 
is  called  chlorine  water,  and  is  used  for  chemical  and  medic,  p 
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poses.  As  is  the  rule  with  gases,  more  chlorine  is  dissolved  at  a lower 
temperature  than  at  a higher. 

More  exact  investigations  into  the  condition  of  chlorine  in 
aqueous  solution  have  shown  that  it  is  not  a case  of  simple  solution, 
but  that  chemical  reactions  take  place  between  the  chlorine  and  the 
water.  We  can  enter  into  this  more  fully  only  after  the  other  com- 
pounds of  chlorine  have  been  described. 

Decomposition  of  Chlorine  Water  in  Light. — Chlorine  water 
must  be  kept  protected  from  the  light,  since  it  undergoes  a remarkable 
decomposition  under  the  influence  of  illumination.  The  chlorine  then 
combines  with  the  hydrogen  of  the  water  to  form  hydrogen  chloride 
or  hydrochloric  acid,  and  oxygen  is  set  free.  In  strong  sunlight  this 
reaction  takes  place  so  quickly  in  saturated  chlorine  water  that  the 
liquid  sparkles  like  soda-water.  If  the  gas  is  collected,  one  can  easily 
convince  oneself  of  its  chemical  nature  by  the  bursting  into  flame  of  a 
glowing  splinter. 

Actions  of  this  kind,  whereby  chemical  processes  are  brought  about 
or  accelerated  by  the  influence  of  light,  are  called  photochemical,  and 
the  science  which  studies  them  is  called  photochemistry.  These  pro- 
cesses are  of  very  great  general  and  technical  importance.  On  the 
one  hand,  the  processes  by  means  of  which  green  plants  build  up  their 
structures  depend  on  photochemical  phenomena,  as  can  be  seen  from 
the  fact  that  the  plants  cannot  grow  when  the  light  is  shut  out.  On 
the  other  hand,  photochemical  processes  are  turned  to  practical  account 
in  photography,  which,  along  with  the  arts  dependent  on  it,  has  now 
obtained  an  extensive  application  in  the  most  varied  departments  of 
work. 

The  action  of  light  on  the  decomposition  of  chlorine  water 
should  probably  be  interpreted  as  an  acceleration  of  a process  which 
of  itself  takes  place  very  slowly,  for  the  reaction  occurs  also  to  an 
appreciable  extent  in  darkness,  and  the  chemical  equilibrium  is  such 
that  dilute  hydrochloric  acid  and  oxygen  represent  a more  stable 
system  than  an  aqueous  chlorine  solution. 

* The  different  kinds  of  light  do  not  act  equally  strongly  on 
chloiine  water ; the  red  rays  are  found  to  be  almost  without  effect, 
whereas  the  blue  and  the  violet,  as  well  as  the  invisible  rays  of  still 
shorter  wave  length,  the  ultra-violet  rays,  exhibit  a much  greater  activity. 
Similar  relations  are  observed  in  many  other  cases  of  photochemical 
action.  It  would,  however,  be  incorrect  to  regard  the  rays  of  short 
wave  length  as  being,  therefore,  specially  active  chemically.  The 
region  of  rays  in  which  the  greatest  chemical  activity  is  manifested  is 
entirely  dependent  on  the  chemical  process  influenced  by  the  light, 
in  particular,  the  most  important  photochemical  process,  the  assimilation 
in  green  plants,  proceeds  with  greatest  energy  in  yellow  and  red 

llgllt. 

On  comparing  the  process  under  discussion  with  that  described 
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on  p 166)  where  chlorine  and  water  were  produced  from  hydrochloric 
acid  and  oxygen,  a contradiction  seems  to  be  contained  in  the  foregoing 
statement  for  in  that  case  exactly  the  opposite  reaction  took  place, 
and  chlorine  in  contact  with  water  formed  a more  stable  system  than 
hydrochloric  acid  and  oxygen.  The  difference  lies  in  the  fact  that  in  , 
the  former  case  we  were  dealing  with  gaseous  hydrogen  chloride,  but 
here  with  a dilute  aqueous  solution  of  it.  The  stability  of  a compound 
is  frequently  much  greater  in  solution  than  in  the  pure  state,  and 
chemical  reactions  can,  therefore,  readily  undergo  reversal,  according 
as  the  one  or  the  other  condition  obtains. 

Chlorine  Hydrate— The  Phase  Law.— When  gaseous  chlorine 
is  passed  into  ice-cold  water— it  is  best  to  have  some  pieces  of  ice 
floating  in  the  liquid— a greenish  crystalline  substance  soon  separates 
out.  This  consists  of  chlorine  and  water  according  to  the  formula 
01  + 8H  0 and  is  called  chlorine  hydrate.  Under  atmospheric 
pressure  this  substance  is  stable  only  up  to  +9;6-;  if  heated  to  a 
higher  temperature  it  decomposes  into  chlorine,  which  escapes  as  a gas, 
and  water  (saturated  with  chlorine),  which  remains  behind  It  the 
pressure  be  increased,  chlorine  hydrate  can  be  kept  at  still  higher  tem- 
peratures ; if  it  be  lowered,  the  temperature  of  stability  of  the  hydiate 
becomes  lower.  There  corresponds  to  each  temperature,  therefore,  a 
definite  pressure  of  the  chlorine  gas,  at  which  the  hydrate  can  exist. 

These  relations  show  the  greatest  similarity  to  those  existing  in 
the  case  of  a volatile  liquid  (p.  119),  where  the  possibility  of  liquid 
and  vapour  existing  side  by  side  is  also  associated  with  a definite 
pressure,  which  increases  with  rising  temperature  but  is  independent 
of  the  relative  or  absolute  amounts  of  the  two  forms.  In  this  c^e 
also,  the  existence  of  chlorine  hydrate  m contact  with  gaseous  chlonne 
and  solution  is  regulated  only  by  a relation  between  pressure  and 
temperature,  and  the  quantity  relations  have  no  influence 

A difference  exists  here,  however,  in  so  far  as  m the  condi 
equilibrium,  there  are  present,  not  two  phases  (p.  128),  but  three, 
chlorine  hydrate,  saturated  aqueous  solution  of  chlorine,  and  gaseous 
chlorine  This  is  due  to  the  fact  that  we  are  not  now  dealing  w,  h 
the  equilibrium  of  a single  substance,  as  in  the  case  of  water,  but  with 
to  stances,  water  and  chlorine.  In  the  same  measurl l as  the 
number  of  substances  increases,  the  number  of  phases  which  can  e. 

side  by  side  also  increases.  . , . . . 

Just  as  water  along  with  vapour  or  along  with  ice  .r  turn  phases 
of  water,  can  exist  side  by  side  at  Afferent  temperatures  but  three 

phases,  viz.  water,  vapour,  and  ice  only  at  one  “de  at^ different 

the  present  ease  there  can  exist  three  phases  s'de ^q^h  i ‘ fnhases 
temperatures,  and  there  must  be  a single  point  at  wluch  fom  ph. 
can  be  present.  Such  a point  is  got  when  we  assume  ice  as  to 
phase.  As  a matter  of  fact,  ice,  chlorine  hydrate,  chlorine  water,  and 
chlorine  gas  can  exist  side  by  side  at  the  temperature  -0  21. 
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possibility,  however,  is  restricted  to  this  one  temperature  : if  the 
temperature  be  raised,  the  ice  disappears  and  three  phases  remain ; if 
the  temperature  be  lowered,  the  chlorine  water  disappears,  passing  into 
ice  and  chlorine  hydrate,  and  again  three  phases  are  left. 

The  pressure  also,  as  well  as  the  temperature,  is  definite  at  this 
point.  It  amounts  to  24 '4  cm.  If  it  be  increased,  the  gaseous  chlorine 
disappears  ; if  it  be  reduced,  one  of  the  other  phases  disappears. 

All  these  relations  are  quite  similar  to  those  obtaining  for  one  sub- 
stance, only  the  number  of  the  phases  has  been  increased  by  one,  by 
which  number,  also,  the  components  have  been  increased.  We  are 
here  dealing  with  a quite  general  law,  which  was  established  by  W. 
Gibbs.  This  “ phase  law  ” is  expressed  by  the  formula 


P + F = C + 2. 


In  this  formula,  P denotes  the  number  of  the  phases,  F the 
degrees  of  freedom,  in  the  sense  given  on  p.  128.  C is  the  number  of 
the  components  in  the  system  considered.  In  the  case  of  one  com- 
ponent the  sum  of  the  phases  and  the  degrees  of  freedom  is  three,  i.e. 
one-phase  systems  have  two,  two-phase  systems  one,  and  three-phase 
• systems  no  degrees  of  freedom,  as  has  been  shown  in  the  case  of  water 
(and  of  every  other  substance  which  can  occur  in  different  states).  In 
i-  systems  of  two  components  four  phases  are  required  to  produce  a 
■ system  with  no  degrees  of  freedom,  and  every  three-phase  system  has 
one  degree  of  freedom ; in  water  and  chlorine  we  have  just  had  an 
example  of  this.  In  what  follows  we  shall  find  manifold  application 
of  this  important  law. 


Chemical  Properties  of  Chlorine. — Chlorine  is  a substance  of 
great  chemical  activity,  and,  unlike  oxygen,  manifests  this  even  at 
ordinary  temperatures.  This  is  not  due  to  a much  greater  amount  of 
energy  becoming  available  when  chlorine  acts  on  other  substances  than 
when  the  corresponding  processes  take  place  with  oxygen;  on  the 
contrary,  it  is.  pretty  much  the  same  in  both  cases.  " The  greater 
chemical  activity  of  chlorine  is  rather  to  be  attributed  to  the  greater 
■\  e ocity  with  which  its  reactions  proceed  at  ordinary  temperatures 
compared  with  those  of  oxygen. 

One  can  convince  oneself  of  this  readiness  to  act  by  means  of  com- 
bustion experiments  which  are  quite  similar  in  appearance  to  those 
™ oxySen,  m which,  however,  the  other  substances  do  not  require 
0 ftrst  ]g^lted.  On  the  contrary,  they  ignite  spontaneously. 

bus,  a ball  of  Dutch  metal  (which  consists  chiefly  of  copper) 
to  im  copper-foil,  immediately  becomes  incandescent  when  thrown 
nto  a bottle  containing  chlorine,  and  the  chlorine  compound  of  copper 

tn  Ted;v  T le  me,tat  antimony  forms  a rain  of  fire  when  allowed 

Ler  w!  \ °m  °frf  fi”e  P°wder  into  chIoi’ine-  Phosphorus  intro- 
o chlonne  likewise  ignites  spontaneously,  and  burns  with  a 
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livid  flame  forming  a greenish-white  solid  substance  which  settles  on 

the  sides  of  the  bottle.  „T  , . 

Combustion  without  Oxygen— We  have  here  phenomena 

which  show  all  the  characteristics  of  the  combustions  in  oxygen  gas. 
From  this  we  must  therefore  draw  the  conclusion  that  combination  ( 
with  oxygen  is  not  necessary  for  combustion  in  the  wider  sense.  On 
the  contrary,  other  chemical  processes  can  give  rise  to  these  phenomena 
if  they  take  place  with  sufficient  velocity,  and  with  the  development  of 
so  much  heat  that  the  products  of  reaction  are  thereby  raised  to 

incandescence,  i.e.  to  at  least  500  . . . 

If  gaseous  substances  or  vapours  are  formed  m the  reaction,  ve 
obtain  the  phenomenon  of  flame  which  is  formed  by  the  incandescent 
gas ; otherwise,  one  sees  only  incandescent  liquid  or  solid  masses,  as 

in  the  case  of  the  combustion  of  iron  (p.  64).  . . 

If  one  bears  in  mind  what  was  said  on  p.  65  concerning  rapid  com- 
bustion, it  will  be  at  once  seen  that  the  characteristic  phenomena  in 
the  case  of  the  action  of  chlorine  depend  on  the  fact  that  even  at 
ordinary  temperatures  the  velocity  of  the  chemical  processes  has  a 

lal'gSub-Chlorides  and  Chlorides.-In  a manner  similar  to  the 

cases  already  mentioned,  chlorine  is  able  t0  ““  .“vieMin n such  »m-  . 
elements.  The  metals,  especially,  are  capable  of  } ield mg  such  com 
nounds  The  names  of  these  compounds  are  formed  by  adding 

lord  chloride  to  the  name  of  the  other  element;  *0%  “PP£' ; 
antimony  chloride.  By  this  nomenclature  we  can,  when  the  chlorine 

is  capable  of  forming  different  compounds  with  the  ^ 

tinguish  several  degrees.  In  this  case  the  compound  contatnmg^ 
chlorine  is  called  mS-cMori*;  that  containing  more  chlorme  rtfcn*^ 

If  still  more  stages  have  to  be  expressed,  the  lowest  is  designs  . 
proto-,  and  the  highest  super-,  hyper-,  or  pcrchlor.de 
1 Of  the  different  compounds  which  can  be  formed  from  chlorine  we 
sha°m"tm  one  example.  If  the  metal  sodium  is  pW Cm £ 
tube  through  which  a current  of  chlorine  is  passing,  and l is ^gend) 

warmed,  the  two > thf  reacdonf  a white  crystal- 

Srce  wS  is  inadSy  soluble  in  -ted  has  a s~  - 
can  in  no  way  be  distinguished  from  — ^ ^ /he  chemK formed 
for  common  salt  must  therefore  he  sodium  chlonde,  since 

fro”cS:rerHy^o:^  ^ htost 

he^gnited  " fllmet, Educed  XI  cylinder  with  chlorine  (Fig. 

1 In  English,  it  is  customary  to  express^^me  c"lir°T 

-ic  affixed  to  the  name  of  the  metal.  1 Similarly  also,  mercurous  chloride 

chloride,  and  the  higher  chloride  cupric 
and  mercuric  chloride,  ferrous  chloride  an 
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60),  the  hydrogen  continues  to  burn ; only  the  colour  of  the  flame 
changes  from  blue  to  a whitish  green.  The  combustion  continues 
some  time,  but  the  flame 
finalty  goes  out  and  the 
greenish  colour  of  the 
chlorine  in  the  cylinder 
has  now  disappeared. 

In  its  place  is  a colour- 
less gas  which,  in  contact 
■with  the  moist  air,  forms 
a dense,  white  mist,  and 
is  much  more  readily 
absorbed  by  water  than 
chlorine.  If  the  cylinder 
is  rinsed  out  with  water,  a 
liquid  with  a strong  acid 
taste  is  obtained,  which 
does  not  bleach  blue 
litmus  paper,  as  chlorine 
does,  but  changes  the 

colour  to  red.  Pl0.  0o. 

It  can  be  conjectured 

what  is  produced  in  the  combustion  of  chlorine  and  hydrogen. 
Hydrochloric  acid  we  already  know  to  be  a substance  from  which 
chlorine  and  hydrogen  can  be  obtained ; accordingly,  hydrochloric  acid 
is  to  be  looked  for  as  the  product  of  the  interaction  of  these  two 


gases. 


As  a matter  of  fact,  the  same  properties  are  shown  by  the  aqueous 
solution  of  the  product  of  combustion  as  by  hydrochloric  acid.  In  a 
dilute  state  it  has  a strong  acid  taste  and  reddens  litmus  paper.  It  is 
■ true  that  there  are  a number  of  other  substances  which  also  have  these 
properties ; still  one  can  satisfy  oneself  by  means  of  reactions  which 
are  given  only  by  hydrochloric  acid,  that  hydrochloric  acid  is,  indeed, 
the  only  substance  formed  in  the  combustion  of  hydrogen  in  chlorine 
Indirect  Formation  of  Hydrochloric  Acid.— The  compound 
of  chlorine  with  hydrogen  can  be  formed  not  only  when  the  latter 
element  is  present  in  the  free  state,  but  also  in  very  many  cases  by 
;the  action  of  chlorine  on  compounds  containing  hydro o-en. 

An  example  of  this  has  already  been  given  in  the  decomposition  of 
water  by  chlorine  under  the  influence  of  light  (p.  169).  A similar 
process  is  seen  in  a more  striking  manner  by  introducing  a piece  of 
paper  moistened  with  turpentine  into  a bottle  of  chlorine.  Turpentine 
consists  of  hydrogen  and  carbon ; with  the  former,  chlorine  combines 
alter  a few  moments  with  evolution  of  much  heat  and  the  production 
?!  a.,lark-red  flfne-  At  the  same  time,  the  carbon  separates  out  as  a 
black  soot.  That  hydrochloric  acid  has  been  formed  in  this  reaction 
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is  found  on  washing  out  the  contents  of  the  bottle  with  water ; these 
exhibit  exactly  the  same  properties  as  were  shown  by  the  product  of  | 

the  combustion  of  hydrogen  in  chlorine.  , 

The  burning  of  a wax  candle  in  chlorine  depends  on  the  same 
relations.  Wax  also  consists  chiefly  of  hydrogen  and  carbon  (along  ■ 
with  some  oxygen).  If  a burning  wax  candle  be  introduced  into  a 
bottle  of  chlorine,  it  continues  to  burn ; at  the  same  time,  however, 
the  flame  becomes  dusky  red  in  colour  and  emits  large  quantities  of 
soot  or  carbon  since  the  chlorine  cannot,  under  these  conditions, 
combine  °5S  the  carbon.  In  this  case  also,  the  formation  of 

hvdrogen  chloride  can  be  easily  demonstrated.  . 

7 Some  of  the  important  technical  applications  of  chlorine  depend 
on  its  power  of  withdrawing  hydrogen  from  substances  containing  it 
and  therefore  destroying  them,  is.  converfng  them  mto  other 

substances^  ^ ^ chlori„6  is  used  for  bleaching.  The  vegetable 
fibres  from  which  textile  fabrics  and  paper  are  made  are  generally  not 
colourles™  as  it  is  desirable  they  should  be  for  use  or  for  being  further 
dyed  but  contain  natural  dyes  which  must  be  removed  from  them. 
For  this  purpose  they  are  treated  with  chlorine,  which  removes 
hydrogen  from  the  dyes  and  converts  them  into  other,  non-coloured 

“Tlonv  with  this  dehydrogenising  action,  oxidation  takes  place  by 

mean!  of  L chlorine.  This  depends  on  the  ^chlorine' tS 
which  as  we  have  already  seen,  is  decomposed  by  chlorine  ' ■ 
ITminattan  of  oxygen.  If  this  process  takes  place  m the  presence  o 
"Stance"  which  can  form  oxygen  compounds  these  are  formed 

Wi  WrSfS  ifh  dS«  and  stenlising. 

aw? 

spread  of  certain  diseases.  hl  tpe  fact  that  it  is 

E”' Cml7flTnc7fofthe  higher  organisms  andjn  some- 

- - txrf 

previously  occupied  by  the  mix  r diminution  from  three 

3*  S6t^X:£i;r  pXTcL  a combination  without 


Jo1' 

p 


15  - 


IX 


CHLORINE 


175 


! change  of  volume.  The  molar  weight  of  hydrochloric  acid  gas  is 
therefore  obtained  as  the  half  of  the  sum  of  the  molar  weights  of 
ji  chlorine  and  hydrogen.  This  calculation  is,  in  numbers, 

Cl.,  + H2  = 2IIC1 
70-90  + 2-02  = 2 x 36-46. 


One  can  convince  oneself  of  these  relations,  both  by  the  decom- 
position of  hydrogen  chloride,  that  is,  by  analysis,  and  by  the  formation 
of  hydrogen  chloride  from  its  elements,  that  is,  by  synthesis. 

\\  hen  an  electric  current  is  conducted  through  hydrochloric  acid 

Iby  means  of  two  platinum  plates,  chlorine  appears  at  the  one  plate, 
and  hydrogen  at  the  other.  The  energy  which  was  set  free  on  the 
formation  of  the  hydrogen  chloride  from  chlorine  and  hydrogen  and 
on  the  solution  of  the  hydrochloric  acid  gas  in  water,  is  again  given 
back  by  the  electric  current,  which  therefore  makes  it  possible  for  the 
• two  elements  to  separate  in  the  free  state.  The  details  of  this  process 
1 will  later  form  the  subject  of  exhaustive  consideration ; at  this  point, 

1 we  rest  satisfied  with  the  result  that  the  hydrochloric  acid  is  decom- 
posed by  the  electric  current,  and  that  its  elements  are  evolved 
■ separately. 


This  experiment  is  performed  in  the  apparatus  shown  in  Fig.  56, 
on  p.  138.  On  starting  the  process  by  passing  the  electric  current, 
after  the  apparatus  has  been  filled  with  strong  hydrochloric  acid,  gas 
is  at  first  seen  to  be  evolved  only  at  one  electrode ; this  gas  is 
hydrogen.  At  the  other  electrode  there  is  only  a yellow-green 
coloration  produced,  because  the  chlorine  evolved  dissolves  in  the 
hydrochloric  acid.  Gradually  this  becomes  saturated  with  chlorine 
and  gas  is  evolved  regularly  at  both  plates,  or  “ electrodes.” 

After  the  first  portions  of  gas  have  been  allowed  to  escape,  by 
opening  the  taps,  it  is  easy  to  satisfy  oneself  that  the  two  limbs  of  the 
apparatus  become  simultaneously  filled  with  equal  volumes  of  gas,  and 
that,  as  a matter  of  fact,  therefore,  equal  volumes  of  the  two  gases  are 
produced  in  the  decomposition  of  hydrochloric  acid. 

That  one  of  the  gases  is  hydrogen,  is  shown  by  the  fact  that  it 
burns  with  a blue  flame  in  the  air.  The  other  gas  can  be  recognised 
as  chlorine,  even  by  its  colour;  the  smell  and  the  bleaching  action  on 
a piece  of  litmus  paper,  confirm  this. 

Formation  of  Hydrogen  Chloride  from  its  Elements.— If,  on 

the  other  hand,  a mixture  of  equal  volumes  of  chlorine  and  hydrogen 
is  piepared,  it  can  be  ignited  by  an  electric  spark  in  the  same  way  as 
detonating  gas,  and  is  completely  converted,  with  explosion,  into  hydro- 
chloric acid.  In  this  case,  however,  there  are  some  remarkable  pheno- 
mena to  be  observed. 

vnW  1S  ?05,On.ly  by  rise  of  temperature  that  a mixture  of  equal 

mentiniip°l  ch  °n'11e  fnc)  ’hydrogen,  which,  on  account  of  the  similarity 
ned,  is  called  chlorine  detonating  gas,  passes  into  hydrogen 
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chloride ; light,  also,  has  the  property  of  bringing  about  this  combina- 
tion Weak  light,  such  as  subdued  day-light  in  a room,  acts  lather 
slowly ; strong  light,  such  as  the  rays  of  the  sun,  produces  such  rapid 

. J ,-v 1 Adi  fair  Aft  TllaCA. 


siovviy  , &UIUU5  — . , i n 

action  that  a violent  explosion  takes  place. 

The  experiment  can  be  carried  out  in  the  following  manner. 

white  class  bottle  is  filled,  in  the  ordinary  way,  with  chlorine,  and 
white  glas  i „rui,  Wlrnirem.  After  the  removal  of  the 


\V  111  LG  . , i i 

nn other  of  equal  capacity,  with  hydrogen.  ~ ~ . , , 

corks  from  both  bottles,  the  one  containing  hydrogen  is  placed,  mouth 
downwards  on  the  bottle  containing  chlorine.  This  operation  mus  be 

carried  out  in  a room  illuminated  only  by  a candle  standing  at  some 
cameo,  out  i „•  Hinnt.nn.  an  indiarubber  ring 


Sfce  To  ensure  a more'  air-tigM  junction,  an  indiarubber  ring 

l __i 1 between  the  two  bottles  and,  for 


can  be  placed  ootwccn  ^ v-  , 

convenience  of  manipulation,  these  can  be  clamped 
together  in  a frame  (Fig.  61).  By  inverting  the 
bottles  several  times,  the  contents  are  mixed;  the 
bottles  are  then  separated,  closed  with  the  corks  and 

1 • -it  1 /mi  -r\l  onorl  ITT  IIPm  tr-til  2 Lit. 


bottles  are  men  sepai  a.  --  _ 

wrapped  in  black  paper  or  placed  m light-tight, 

cardboard  cases.  , . 1 

If  one  of  these  bottles  be  now  placed  in  dnect 

sunlight,  taking  care  that  no  harm  can  be  done  by 
the  glass  splinters  which  fly  about,  a violent 
explosion  takes  place.  If,  on  the  other  han 
other  bottle  be  allowed  to  stand  uncovered ,111  a 
corner  of  the  room,  not  too  brightly  illuminated^  no 


Fig.  61. 


“hange,” ‘apparently;  takes  place'  in'  it.  After  some 
varying  according  to  the  stiengthi 
’ c -Ll-  - chlorine  dis-  ; 

appears  and  the  contents  of  the  bottle  appear  :i 


MSTthT^S  cbourof  the  chlorine  die- 
01  me  0 ^ o +v,0  bottle  annear: 


i lone  tuiitdiiro  o.  — v j , 

If  now,  the  neck  of  the  bottle  be  placed  I 

, . 1 i ~ vtnitci  nnf  r»nr  - 


anffThe^cork  amoved,  neither  does  gas  pass  out  nor 
mercur^eiiter)  which  shows  that  the  combination  of  the  two  gases  has 

ta^6If  ^h^lwttb^e'no^placed^^ver  water,  the  latter  dissolves  the 

hydrogen  chloride > and  conditions  of 

a rule,  a small  gaseous  h»Ve  ^ quite  pure  or 


the^xp^rlmentflt^^notpossible  hydrocldfm^acid^^^en 
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through  a tube  reaching  to  the  top. 
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, a,cid  is  decomposed  by  the  electric  current  in  the  vessel  A (Fig.  62), 
which  is  furnished  with  two  electrodes  of  carbon  (thin  arc-light 
carbons),  or  of  platinum.  Under  these  conditions  the  gases  produced 
immediately  mix  and,  after  the  evolution  has  been  going  on  for  half 
or  a whole  hour,  in  the  right  proportions.  In  the  bulbs  which  are 
blown  on  the  delivery  tube,  there  are  a few  drops  of  water,  to  free  the 
, gases  from  the  hydrochloric  acid  which  they  carry  over.  Attached  to 
i the  delivery  tube  is  a series  of  glass  bulbs  blown  out  of  thin  glass  and 
connected  by  thin-walled  capillaries ; they  may  be  4 to  6 cm.  in 
: diameter.  These  are  filled  with  the  explosive  mixture  by  displace- 
ment. Since  this  is  heavier  than  air,  the  row  of  bulbs  is  placed  in  an 
upright  position  and  the  gas  passed  in  at  the  foot.  All  this  must  be 
i done  in  a weak  light,  with  exclusion  of  daylight ; for  this  purpose  the 


light  is  most  conveniently  supplied  by  a lamp  with  yellow  cylinder, 
such  as  is  used  for  photographic  purposes.  After  the  gas  has  been 
passing  for  at  least  half  an  hour,  precautions  being  taken  to  carry  off 
the  excess,  the  two  ends  of  the  row  of  bulbs  are  closed,  for  the  time 

being,  with  wax ; one  then  proceeds  to  melt  off  the  bulbs  from  one 

another. 


Although  the  chlorine  detonating  gas  can  be  caused  to  explode  by 
f heat,  the  capillaries  can,  without  danger,  be  softened  in  a small  gas 
|.flame  and  closed  by  drawing  out.  The  gas  which  is  directly  heated 
'■i  burns,  certainly,  to  hydrochloric  acid,  but  the  combustion  does  not 
pass  into  the  bulbs,  because  the  heat  which  is  developed  is  taken  up 
n by  the  glass  Avails  of  the  tube.  1 

With  the  bulbs  of  chlorine  detonating  gas  prepared  in  this  wav 
* e experiments  described  can  also  be  carried  out : the  explosion  of 
I 7eSe  18  "tended  Avith  risk,  since  the  light  glass  splinters  can  scarcely 
| any  damage.  Instead  of  sunlight,  burning  magnesium  can  be  used 


N 
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to  bring  about  the  explosion  : either  magnesium  powder  is  placed  m a 
glass  tube  1 cm.  wide  and  blown  into  a flame,  or  a lamp  is  employed 
such  as  is  used  in  taking  flash-light  photographs. 

Photochemical  Actions.— It  follows  from  the  experiments  de- 
scribed that  the  action  of  light  on  the  chlorine . detonating  gas,  > 
similarly  to  that  on  chlorine  water  (p.  109),  consists  in  increasing  the 
velocity  of  combination  of  the  two  components..  It  has  been  repeatedly 
explained  that  there  is  reason  to  suppose  that  in  every  system  in  which  i 
a chemical  process  can  take  place,  that  process  really  does  take  place, 
although  often  only  with  an  immeasurably  small  velocity.  In  the  case 
of  the 'chlorine  detonating  gas,  also,  we  may  make  such  an  assump  ion 
and  the  action  of  light  consists  in  increasing  this  immeasurably  small  I 

velocity  to  a measurable  one.  . . . . , 

In ‘ fact  it  has  been  shown  by  appropriate  investigations,  that  the 

velocity  of  transformation  of  the  chlorine  detonating  gas  into  hydro- 
chloric acid  is  proportional  to  the  strength  of  the  light  acting 

* The  manner  of  this  action  is  still 'somewhat,  obscure  We  must 
by  no  means  assume  that  the  energy  of  the  light  is  expended  in  bring 
ing  about  the  reaction.  No  energy  is  consumed  in  the  combination  jf  fl 
the  gases  • on  the  contrary,  a fairly  large  amount  of  energy  is  set  fiee, 
L follows  from  the  phenomena  of  explosion,  and  the  spontaneous 
transmission  of  the  combustion  through  a tube  at  the  end  of  which  it 
Z ^ Sated  From  the  observation  that  completely  dry  chlorine 

detonating  gas  is  scarcely  sensitive  to  light,  combined  with  some  other 
"Monies  probable  that  we  are  dealing  here  with  a rather 
complicated.0  process  which  takes  place  with  the  co-operatron  of  the 

hydrochloric  ad^,  howler,  generally  ^coloured  ^yeUow^^thiough^oi^. 

at  t "robtrPure  hydrogen  chloride  gas  from  to  solution 
from  the  lat  er  We  have  J Accordingly,  our  apparatus  con 

fuming^ hydrochloric  add  is  drawn  A a narrow  point  and  tea* 
toX  bottom  of  the  flask.  If  the  Up  be  opened  and  the  hjdroehlo, 
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acid  allowed  to  pass  slowly  into  the  sulphuric  acid,  the  water  is  taken 
up  by  the  latter  and  the  hydrogen  chloride  escapes  as  a gas. 

The  upper  part  of  the  generating  flask  does  not  become  coloured ; 
hydrogen  chloride  is,  therefore,  colourless.  It  cannot  be  collected  over 
grater,  nor  can  it  be  collected  well  by  displacement,  since  it  is  only 
slightly  heavier  than  air.  It  can,  however,  be  collected  over  mercury, 
since  this  is  not  attacked  by  hydrogen  chloride  when  both  substances 
are  pure. 

The  use  of  mercury  for  collecting  such  gases  as  are  readily  dis- 
solved by  water  is  due  to  Priestley  (1780),  and  was,  at  the  time,  an 
important  invention,  since  it  directly  led  to  the  knowledge  of  quite  a 
number  of  gases  which  are  dissolved  by  water,  and  of  which,  therefore, 
one  could  previously  know  nothing.  The  mercury  trough  which  is 
used  in  such  operations  is  generally  made  of  porcelain,  and  of  such  a 
form  that  the  quantity  of  this  rather  expensive  metal  required  to  fill 
it  is  as  small  as  possible. 

Properties  of  Hydrogen  Chloride.— Hydrogen  chloride  is  a 
colourless  gas,  the  density  of  which  amounts  to  3 6 -5,  corresponding  to 
the  formula  HC1.  It  is,  therefore,  a little  heavier  than  air.  By 
pressure  and  cold,  it  can  be  converted  into  a liquid;  at  - 113°  it 
solidifies.  The  liquid  boils  under  atmospheric  pressure  at  - 80° ; its 
pressure  at  0°  amounts  to  2’8  atm. 

Liquid  hydrogen  chloride  is  a colourless,  rather  indifferent  liquid, 
exhibiting  little  of  the  chemical  reactivity  which  can  be  observed  in 
the  case  of  its  aqueous  solution.  The  liquid  neither  acts  on  metals, 
nor  reddens  litmus,  nor,  when  water  is  carefully  excluded,  does  it 
show  any  of  the  other  properties  of  acids.  This  remarkable  contrast 
to  the  behaviour  of  the  aqueous  solution  has  great  significance  and 
will  be  explained  later. 

Of  the  other  properties  of  hydrogen  chloride  the  most  striking  is 
its  great  solubility  in  water.  At  room 
temperature,  one  volume  of  water  absorbs 
450  volumes  of  the  gas.  By  the  absorp- 
tion, a large  quantity  of  heat  is  developed, 
which  points  to  a reaction  between  the 
water  and  the  hydrogen  chloride  gas. 

; This  reaction  is  of  a special  kind,  and 
will  be  discussed  more  fully  at  a later 
point.  , 

The  great  solubility  of  hydrogen 
chloride  in  water  can  be  shown  by  blowing 
a water  up  through  the  mercury  to 
the  gas  collected  in  a cylinder,  by  means 
°f  a pipette  bent  at  the  lower  end.  The 
mercury  immediately  ascends  and,  if  the  Fl°- °3- 

tgas  is  pure,  again  fills  the  cylinder.  There  generally  remains,  it  is 


180  PRINCIPLES  OF  INORGANIC  CHEMISTRY 


CHAP. 


true,  a bubble  of  air  unabsorbed,  since  it  is  very  difficult  to  remove 

the  last  traces  of  foreign  gases.  . , . 

The  water  which  was  added  has  been  converted  by  the  absorption 
of  the  hydrogen  chloride,  into  hydrochloric  acul.  If  a piece  of  metallic 
magnesium  be  introduced  under  the  mercury  and  allowed  to  pass  up 
to  the  hydrochloric  acid,  it  decomposes  this  combining  with  lie 
chlorine  and  liberating  the  hydrogen.  When  the  evolution  of  gas  has 
ceased  it  is  easy  to  convince  oneself  that  the  gas  is  hydrogen  and  that 
its  volume  is  half  that  occupied  by  the  hydrogen  chloride  gas.  _ j 
Absorption  of  Hydrogen  Chloride  by  Water.-In  passing 

hydrogen  chloride  gas  in  comparatively  large  quantity  into  water  for 
nyuiu0c  & the  purpose  of  preparing 


Fig.  64. 


It 


aqueous  hydrochloric  acid, 
some  precautions  must  be 
observed  on  account  of  the 
violence  of  the  absorption. 
The  apparatus  used  for  this 
purpose  is  shown  in  Fig. 
64.  The  hydrogen  chloride 
gas  is  generated  in  A ; B 
is  an  empty  wash -bottle, 
and  C a wash -bottle  half  : 
filled  with  water.  The  two 
wash-bottles  are  connected 
up  opposed  to  one  another, 
so  that  in  B the  gas  enters  - 
through  the  short  and  1 
escapes  through  the  long ; 


— CD  w 

tube  • C in  the  reverse  manner,  receives  the  gas  through  the  long z 
tube ’ When  the  gas  is  evolved,  it  first  fills  the  empty  bottle  B,  and  i 
then  oasses  over  "into  C,  where  it  is  absorbed  by  the  watex  , the 
admixed  air  escapes  through  the  short  tube.  If,  now,  for  any  reason  ^ 
devolution  o/gas  should  cease  the  water  wou  d .1  the  bo^le J 
were  not  there,  pass  back  into  the  generating  flask  A 
of  the  absorption  of  the  gas;  by  the  action  of  the  water 
on  the  concentrated  sulphuric  acid,  an  explosion  might  result, 
r1  ■ oase  the  experiment  would  be  spoiled.  The  bottle 

R1  guards  Jgainst  this  contingency.  If  regurgitation  should  occur, 
thewater  dot  get  further  than  * and  if  the  pressure  in  A is  further 


,,  „ „ tv,p  exDeriment,  tlie  apparatus  must  be  previously  caretulh 

i To  ensure  the  success  of  P ydrogen  chloride,  on  account  of  its  great  sdu- 

dried,  as,  otherwise,  the  voiume  of  ^ y^J-^  not  omit  to  bring  the  gas  under  tl.e 

bility  in  water,  appears  too  sma  . experiment.  This  is  most  simply  accomplished 

— » - - 

pheric  pressure. 
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reduced,  air  passes  from  C through  the  liquid  in  B.  When  the 
pressure  in  A again  rises,  the  liquid  is  first  forced  over  from  B into 
C again,  and  the  absorption  goes  on  regularly. 

Besides  the  one  described,  there  are  many  other  safety  arrange- 
ments to  prevent  the  liquid  jnassing  back  into  the  generator.  One  of 
the  simplest  of  these  consists  in  inserting  an  open  funnel  tube  in  the 
eoik  of  the  generator  itself  (big.  64).  It  will  be  easy  for  the  reader 
himself  to  work  out  the  action  of  this  in  the  case  of  diminished 
pressure. 

} When  somewhat  larger  quantities  of  hydrogen  chloride  are  dis- 
soh  ed  in  water,  the  temperature  of  the  solution  rises  to  an  undesirable 
height,  owing  to  the  heat  developed  in  the  process.  The  solution  is 
therefore  cooled  by  placing  the  bottle  in  cold  water  or  surroundin'*  it 
with  ice.  ° 

In  the  commercial  preparation  of  hydrochloric  acid,  the  hydrogen 
chloride  is,  of  course,  not  prepared  by  the  method  employed  by  °us. 
It  is  obtained  by  the  action  of  sulphuric  acid  on  common  salt,  accord- 
ing to  a chemical  reaction,  the  theory  of  which  cannot  be  developed  till 
later  (Chap.  XII.). 

Hydrogen  Chloride  and  Water.— Most  gases  dissolve  in  water 
to  a much  less  extent  than  hydrogen  chloride,  and  the  absorption 
follows  a law  discovered  by  Henry,  which  states  that  the  amount 
! dissolved  is  proportional  to  the  pressure.  In  the  case  of  hydrochloric 
acid  this  lavy  is  not  even  approximately  fulfilled  ; on  the  contrary,  the 
greater  portion  of  the  gas  is  absorbed  independently  of  the  pressure 

difsolved101^86  °f  pr6SSUre  effects  only  a sma11  ^crease  in  the  amount 

itirtnTS\b?aVi0Ur  int!  t0  the  faCt  that  in  the  case  of  absorp- 
tion of  hydrogen  chloride  a special  chemical  process  also  takes  part 

iriT  T 7,the  dTntS  °fhydr°9™  chloride  passing,  in  aqueous 

It}  18  yery  remarkable  that  anhydrous  liquid 
L °,n.®  °nde  doe1s  not  exlllbit  the  properties  of  an  acid  (p.  179) 

tie  cWct  C°nt  eWntS  °f  °ne-  This  is  due  t0  tlie  f^t  that 

ptent  of  hv  1 W°{Te!  °f  adds  are  n0t  exMbited  by  the  com- 

thisis  converted'  throu*h  soiutim 

cesses  aer“fore'  hydrogen  chloride  is  dissolved  in  water,  two  pro- 
£?  SSE  ?°;'tl0n  0f  the  acid-  *hich  is  all  the  grater  Z 

portion  dZ  h iU  °n’JpaSSeS  lnt0  th<s  new  condition ; another 
4oes  no«ltw  Z as(  h?’dr08en  chloride.  The  first  portion 

second  Enr  E .H  niys  la'v  of  the  absorption  of  gases,  but  only  the 
*an  the  jfreLure.  ^ am°Unt  absorbed  increases  more  slowly 

Sydromn  ZidTtekfmarka.bl6  Phenomenon  connected  with  this. 

pressure  • water  boils  nt  at  ~ 102°  under  atmospheric 

' water  boils  at  +100°.  One  would  suppose,  therefore,  that 
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the  boiling  points  of  for 

between  more  ie  solutions,  on  the  other  hand 

very  concentrated  sohitio  , b v the  addition  of 


very  concentrated  solutions  ; muu=  addition  of 

S“;i!S  3=5  - 

by  the  curve  (Ii0-  b0L  1 chloride  is  measured  on 

the  horizontal  axis,  and 


\ 


necessarily,  boil 


the  boiling  points  under 
atmospheric  pressure  on 
the  vertical.  As  can 
be  seen,  the  curve 
reaches  a maximum  at 
110°,  corresponding  to 
a 20%  solution,  and  all 
other  mixtures  boil 
lower  than  the  -20% 
acid. 

This  fact  causes  the 
following  behaviour  on 
distillation.  AVe  Pre' 
mise  that,  on  distilla- 
tion, the  composition  of ; 
a mixture  can  evidently 
change  only  in  such  a 
way  that  the  boiling 
point  rises,  for  the  more- 
volatile,  is.  the  lower' 
1 boiling  portion,  must 
pass  over  first,  and  the 
higher  than  the  original 
- - • 1 20% 


'o> 


residue  must  therefore  . 

mixture.  If  now  the  stren?  t distil  over?  and  a stronger,  higher 
lower  boiling,  more  dilu  e continues  until  the  residue  contains 

SrtSoCSl  oTer'  -d  this  has  been  shown  by 


1 


experiment  to  be  the  case.  stronger  acid  than  _ - ,u. 

Conversely,  if  one  starts  with  a strong^  ^ ^ ^ hjgher  boll. 

stronger  acid  must  distil  ovei,  b hind  But  this  separation,  also, 
ing  point,  and  therefore  rema  ns  beh imd.  ^ content  of  the  solution 

eannot  ^«*£’WinS  point  can  be  formed,  because 

and  the  liquid  must  distil  over  unchanged. 


20%,  a still 
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We  may  therefore  start  with  an  acid  of  any  concentration  ; on 
distillation,  there  ultimately  always  remains  behind  an  acid  of  2 0/, 
and  a distillate  consisting  of  a more  dilute  or  more  concentrated  acid 
will  be  obtained  according  as  one  started  with  an  acid  containing  less 
or  more  than  20%  of  hydrogen  chloride. 

v The  error  has  often  been  made  of  regarding  this  constant  boiling 
acid  as  a definite  chemical  compound.  It  is  not  one,  for  the  com- 
position of  the  constant  boiling  acid  is  dependent  on  the  pressure 
under  which  the  distillation  is  carried  out.  Under  2'3  atm.,  the 
mixture  contains  18%,  under  0‘066  atm.,  23%,  of  acid. 

* On  the  contrary,  on  the  basis  of  what  has  been  said  above,  we 
may  state  the  general  theorem  that  every  solution,  the  boiling  point  of 
which  is  higher  than  that  of  the  neighbouring  solutions  on  either  side 
of  it,  v ill  distil  with  constant  composition.  By  quite  similar  reasoning 
it  is  eas}-  to  convince  oneself  that  solutions,  also,  the  boiling  point  of 
which  is  lower  than  that  of  the  neighbouring  solutions  on  either  side, 
cannot  be  separated  by  distillation.  In  this  case,  however,  the  solution 
:°f  unchanging  composition  appears  not  in  the  residue  but  in  the 
distillate. 

; * Finally,  the  relations  which  have  been  described  for  hydro- 

chloric acid  give  the  explanation  of  a phenomenon  which  appears 
strikingly  in  the  case  of  hydrogen  chloride  gas,  and  which  is  also 
noticeable  in  the  case  of  concentrated  hydrochloric  acid,  viz.,  the  fuming 
of  this  substance  in  air.  It  is  known  that  hot  water  fumes  or  forms  a 
mist  in  the  air,  because,  as  a result  of  its  higher  temperature,  it  gives 
off  more  water  vapour  than  can  remain  in  the  gaseous  state  at  the 
:emperature  of  the  air.  Water,  however,  of  the  temperature  of  the 
ur  can  never  form  a mist,  for  it  cannot  possibly  give  off  more 
vapour  than  can  be  contained  in  the  vapour  form  in  the  air.  Con- 
centrated hydrochloric  acid,  however,  fumes  even  without  bein^ 
warmed.  ° 

The  reason  of  this  is  that  the  evaporating  hydrogen  chloride 
mcoiinters  water  vapour  in  the  air,  with  which  it  forms  a liquid  the 
apour  pressure  of  which  is  much  smaller  than  that  of  the  concen- 
rated  acid.  This  solution  must,  therefore,  be  precipitated  in  the 
oim  of  a mist  Dilute  acid  does  not  fume,  for  the  reason  that  its 
apours  cannot  form  a less  volatile  solution  with  the  water  vapour  in 
eair  slnCe  they  contain  more  water  than  the  difficultly  volatile  207 
• ' .f  n._$h®  other  hand>  the  concentrated  acid  fumes  "only  in  moist 

f whlhCld’  °TC1'.  f;°ncenfcrated’  be  Placed  in  a bottle  the  interior 
ejhich  18  dried  with  sulphuric  acid,  no  trace  of  fumes  or  mist  is 

rhich  !!!  theSe  C°nsiderations  we  ma7  conclude  that  every  substance 
io-her  boilinT  Jfil*  t Solnt}on  (or  compound)  of  considerably 
appen  31  mu*  ln  moist  air>  Pereas  this  cannot 

PP  substances  which  do  not  have  that  property.  We  shall 
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later  frequently  have  an  opportunity  of  applying  and  confirming  this 
theorem.  - ' ’ • 


, f 
1^ 


of  Acids  — Hydrochloric  acid,  or  the  aqueous  solution 
KteirL  strong  acid.  In  the  name  «c«  there  is. 
summed  L a whole  series  of  properties  possessed  in  common  by  sub- 
stances of 1 different  composition.  Of  these  properties  the  ongest 
stances  ox  which,  as  we  know,  is  possessed  by  very 

different  substances.  A second  property  shown  by  all  substances  with  I 
cid  taste  is  the  power  of  reddening  the  colouring-matter  litmus  f 
^150  A third  common  property  is  that  of  evolving  hydrogen  when 
brought  into  contact  with  certain  metals,  such  as  zinc  or  magnesium. 

This  last  is,  for  us,  the  most  important  property  of  all.  One  cani 

r — * CMS' ' srwt 

as  ait  ac,  "r , 

rriTKa  and  the  gas,  it  is  found  to  he. 

hydrogen-  ^ 

On ‘the  other  hand,  water  does] 

not  appreciably  act  on  magnesium  by  J 

The  properties  we  have  just  clesciibea  and  also  i 

hydrogen  compounds  ; they  are  wanting  va  e cat,  A t(. : 

in  the%ase  of  spirit  of 

satisfy  oneself  that  these  substances  contain  hydrog  _ • [ immediateh  i 
on  fire  and  holding  over  the  flame  a oloan.  dry  glass  rt  rs  ^ 

covered  with  a dew  of  water  drops.  Ttohydrogen  ^ ^ b;. 

fX>r“‘  whTohlt 'aeqnitos'' Parties  belonging  only  to  the  acids 
the  identification  of  acids  ^P^'^st  cCy  in  the  ease  of  th 

^ ™ S&SSff  < 

by  a drop  of  litmus  solution.  remains  unchanged,  the 

gradually  added  to  this,  the  co  °u  ar0  geen  jn  the  liquid  when 

blue  patches,  which  disappear  on  stir  - , • suddenly  become 

the  caustic  soda  drops,  and  jwloto  ^ ^ tbe  bU, 

blue.  By  working  careful  y,  \ caustic  soda  solution, 

colour  is  produced  by  a single  drop ■ 0 ‘ . f tbe  acids  have  d. 

At  tbe  same  time,  all  the  other  properties  u 
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h appeared.  The  liquid  no  longer  tastes  acid  and  does  not  evolve 
hydrogen  with  magnesium  powder.  The  same  experiments  can  be 
performed  with  all  the  other  acids. 

A chemical  reaction  must  therefore  have  taken  place  by  the  inter- 
action of  hydrochloric  acid  and  caustic  soda,  the  product  of  which  is 
obtained  by  evaporating  the  liquid.  A residue  is  obtained  which,  in 
all  its  properties,  proves  to  be  common  salt. 

Now,  we  know  that  common  salt  consists  of  chlorine  and  sodium 
(p.  172).  If  caustic  soda  and  hydrochloric  acid  yield  common  salt,  the 
other  substances  contained  in  them  must  have  been  converted  into 
something  else.  These  other  substances  are  hydrogen  from  the 
hydrochloric  acid,  and  oxygen  plus  hydrogen  from  the  caustic  soda. 
That  makes  up,  however,  the  composition  of  water,  and  water  is,  in 
fact,  the  second  product  formed  by  the  action  of  hydrochloric  acid  on 
caustic  soda. 

The  relations  are  seen  more  clearly  when  the  reaction  is  expressed 
in  formulae : — 

NaOH  + HC1  = NaCl  + H,0. 

The  formation  of  water  can  likewise  be  proved  by  experiment.  If  dry 
hydrogen  chloride  gas  is  passed  over  some  pieces  of  caustic  soda,  water 
vapour  is  formed  with  great  evolution  of  heat,  and  can  be  condensed  ; 

! after  sufficiently  long  action,  common  salt  remains  as  the  residue. 

There  are  many  other  substances  which,  like  caustic  soda,  neutralise 
the  properties  of  acids,  giving  rise  to  new  substances  accompanied  by 
the  formation  of  water.  So  far  as  they  are  soluble  in  water,  they  can 
be  easily  identified  by  the  fact  that  they  restore  the  blue  colour  to 
litmus,  which  has  been  made  red  by  acids,  and  withdraw  from  the 
acids  the  property  of  evolving  hydrogen  with  magnesium  or  other 
metals.  They  are  the  same  substances  as  we  previously  (p.  151) 
got  to  know  as  being  compounds  of  metals  with  hydroxyl,  and  which 
we  called  bases. 

# The  name  base  (foundation)  is  due  to  the  fact  that  these  sub- 
stances represent  the  non-volatile  constituent  of  salts,  whereas  most  of 
the  acids  can  be  more  or  less  easily  expelled  by  heating.  That  portion 
which  is  more  stable  to  heat  was  formerly  regarded  as  the  more 
\ important  and  was  called  the  foundation  or  base. 

Combining-  Proportions  between  Acids  and  Bases. — The 
process  which  takes  place  between  bases  and  acids  and  which  gives 
rise  to  the  formation  of  a salt  along  with  water,  presupposes  a per- 
fectly definite  ratio  between  the  amounts  of  each.  If  we  add  a base 
; to  an  acid,  as  much  of  the  hydrogen  will  disappear  as  is  necessary  for 
the  formation  of  water  with  the  hydroxyl,  viz.,  L01  gm.  hydrogen  to 
hydroxyl.  So  long  as  hydrogen  is  in  excess,  the  liquid  will 
( exhibit  an  acid  reaction,  for  this  is  not  interfered  with  by  the  presence 
of  the  other  substances.  By  continued  addition  of  the  base,  a point 
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will  at  last  be  reached  when  all  the  hydrogen  has  disappeared,  and 
there  is  no  excess  of  the  base.  Such  a liquid  will  therefore  exhibit 
the  reactions  neither  of  acids  nor  of  bases ; it  will,  for  example,  colour 
litmus  neither  blue  nor  red,  but  will  leave  its  purple  colour  unchanged. 
Such  a liquid  is  called  ventral.  This  property  is  possessed  by  water 
and  by  the  solutions  of  most  of  the  salts.  I or  example,  common 

salt  forms  neutral  solutions.  , 1 

* Use  can  be  made  of  these  phenomena  for  many  purposes.  If  it 
is  a question  of  forming  salts  from  acids  and  bases,  litmus  is  used,  best 
applied  on  paper,  to  determine  if  the  components  have  been  employed 
in  the  proper  proportions  ; so  long  as  blue  litmus  paper  is  coloured 
red,  there  is  too  little  base ; if  red  is  coloured  blue,  there  is  too  little 

Litmus  paper  can  also  be  used  to  show  whether  a salt  is  fiee 

from  contamination  with  acid  or  base. 

Reciprocal  Estimation  of  Acids  and  Bases.— The  most 
important  application  of  these  phenomena,  however,  is  to  the  determin- 
ation of  the  quantity  or  the  concentration  of  acids  and  bases.  If  the 
same  solution  of  caustic  soda  be  always  used,  the  amount  of  it  required 
to  neutralise  different  solutions  of  an  acid  will  be  proportional  to  the 

quantities  of  the  acid.  . . . 

The  method  of  determination  based  on  this  is  earned  out  as 

follows.  The  solution  of  caustic 
soda  is  contained  in  a tube  of 
1 to  2 cm.  diameter,  graduated 
by  means  of  etched  lines  into 
cubic  centimetres  and  fractions 
of  these,  and  closed  at  the 
lower  end  by  a tap.  For 
most  purposes  a piece  of 
rubber  tubing  can  be  used, 
which  is  pressed  together  by 
a brass  pinch-cock ; further, 
for  the  sake  of  the  better 
regulation  of  the  outflow  a 
narrow  glass  tube,  drawn  out 
to  a point,  is  inserted  in  the 
lower  end.  This  apparatus  is 
called  a burette  (Fig.  66). 

To  determine  the  amount 
of  acid  in  any  given  sample, 
e.g.  of  dilute  hydrochloric 
acid,  a drop  of  litmus  solution 
is  added  : the  burette  is  filled 

to  the  zero  mark  of  the  graduation  with  caustic  soda  solution,  car. 

that  no  air  bubbles  are  present  in  the  tap  and  the 


Fig.  lili. 


being  taken 
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outflow  jet.  The  caustic  soda  is  then  allowed  to  flow  into  the 
acid  until  the  red  colour  of  this  suddenly  changes  to  blue.  The 
approach  of  this  point  can  be  seen,  since,  shortly  before  it  is'reached, 
blue  patches,  which  at  first  disappear  on  stirring,  are  formed  where 
the  caustic  soda  flows  into  the  acid.  The  caustic  soda  is  then  added 
drop  by  drop,  and  the  amount  by  which  the  blue  coloration  is  pro- 
duced can  be  obtained  to  within  one  drop.  The  amount  of  soda 
solution  used  can  be  read  on  the  graduation  of  the  burette,  and  from 
that  the  amount  of  acid  can  be  calculated. 

For  this  purpose  the  strength  of  the  caustic  soda  solution  must  be 
known.  As  a rule,  it  is  prepared  so  as  to  contain  one  combining 


weight,  equal  to  40 ‘06  gm.  of  caustic  soda,  in  one  litre  of  solution. 


•Such  a solution  is  called  normal.  Exactly  a litre  of  this  solution  is 
required  to  neutralise  as  much  acid  as  contains  1 "0 1 gm.  hydrogen; 
for  example,  36 '46  gm.  hydrogen  chloride.  If  n cc.  of  the  soda  solu- 
tion have  been  used,  there  must  have  been  U ^ ^ gm.  hydrogen 

1000  b J 6 


chloride  present. 

As  a rule,  it  is  not  a matter  of  determining  the  absolute  amount  of 
■ acid,  but  the  concentration  of  given  solutions.  To  ascertain  this,  the 
acid  contained  in  a definite  amount  of  the  solution  has  to  be  deter- 
mined. This  amount  can  be  weighed  out,  but  it  is  more  con- 
venient to  measure  it  volumetrically.  For  this  purpose, 
apparatus  called  pipettes  are  used  (Fig.  67).  They  consist 
: of  narrow  glass  tubes,  widened  in  the  middle,  and  are  made 
of  such  a size  as  to  contain,  up  to  a mark  on  the  neck,  a round 
number  of  cubic  centimetres.  To  fill  them,  the  liquid  is  sucked 
up  past  the  mark  ; they  are  then  closed  by  the  forefinger  and 
the  liquid  is  allowed  to  run  out  exactly  to  the  mark.  Their 
contents  are  then  emptied  into  the  vessel  in  which  the  determin- 
ation is  to  be  made. 

_ By  the  operation  of  neutralisation  from  a burette,  or 
“ titration,”  the  amount  of  acid  in  the  measured  volume  is 
•ascertained,  and  from  that  it  is  easy  to  calculate  the  amount 
contained  in  unit  volume,  that  is,  the  concentration.  If,  for 
•example,  we  have  measured  off  s cc.  of  acid  with  the  pipette 
and  have  used  n cc.  of  normal  soda  solution,  the  concentration 
is  equal  to  n/s  combining  weights  in  a litre,  or  ?i/1000s 
in  a cubic  centimetre.  If  M is  the  combining  weight,  M?i/1000$ 
is  the  amount  of  the  substance  in  grams  in  a cubic  centimetre. 

Volumetric  Analysis. — This  method  of  chemical  measurement 
by  means  of  liquids  of  known  content,  is  called  volumetric  analysis, 
and  the  operation,  titration.  The  method  is  not  limited  to  the  re- 
ciprocal determination  of  acids  and  bases ; on  the  contrary,  there 
l.re  a number  of  other  reactions  which  take  place  in  aqueous  solu- 
tion accompanied  by  change  of  colour  or  other  well-marked  pheno- 


Fig.  07. 
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Fig.  68. 


mena.  On  all  such  reactions  methods  of  volumetric  analysis  can  be 

based.  . 

Solutions  which  in  one  litre  contain  one  combining  weight  of  the 

active  substance  in  grams,  are  called  normal.1  If  they  contain  only  a . 
tenth  of  this  amount,  they  are  called  deci-normal  (m/10),  and  so  on. 

To  prepare  the  solutions,  the  requisite  quantities  of  the 
substances  are  weighed  out  and  introduced  into  flasks  of 
the  desired  capacity.  This  volume  is  exactly  marked  off 
by  a ring  on  the  neck  of  the  flask  (Fig.  68).  Such 
vessels  are  called  measuring  flasks. 

Lastly,  measuring  cylinders  (Fig.  69)  are  used  in  volu- 
metric analysis  where  comparatively  large  quantities  of 
liquid  have  to  be  measured,  the  volume  of  which  is  not 
given  in  round  numbers.  They  consist  of  cylinders  set 
on  a foot  and  furnished  with  etched  graduation  marks. 

Ions. — It  has  already  been  several  times  pointed  i 
out  that  the  hydrogen  of  acids  behaves  in  an  essentially  j 
different  manner  from  the  hydrogen  of  other  compounds. 
It  always  gives  the  same  reactions,  independently  of  what  the  other  i 
components  of  the  acids  may  be ; for  example,  it  is  always  displace-  - 
able  by  magnesium  and  other  metals,  and  to  it  the  common  pioperty , 

of  acids,  that  of  reddening  litmus,  is  due. 

In  the  same  way,  the  hydroxyl  of  bases  always  shows  concordant 
properties.  It  is  the  cause  of  the  reddened  litmus  being  changed  to 
blue,  and  on  it  depends  the  formation  of  new  compounds,  salts,  with 
the  ’ simultaneous  production  of  water,  under  the  action  of  acids 
These  properties  belong  only  to  the  hydroxyl  of  bases,  and  are  not 
shown  by  other  hydroxyl  compounds  which  are  known 

in  large  numbers.  , 

A similar  independence  of  the  chemical  properties  of 
the  compounds  possessing  them,  is  shown  in  the  case  of 
the  salts.  The  following  example  will  make  this  clear. 

If  a small  quantity  of  a soluble  silver  salt,  e.g.  silver 
nitrate  or  lunar  caustic  (p.  57),  is  added  to  a dilute  solution 
of  hydrochloric  acid,  a white  precipitate  is  immediately  pro- 
duced which,  on  shaking,  becomes  flocculent  and  looks  like 
curdled  milk,  and  which  has  the  property  of  becoming  grey 

when  exposed  to  light.  , , ■ 

If  now,  different  salts  are  prepared  from  hydrochloric 

acid,  either  by  decomposing  the  acid  with  metals  or  saturating 


Fig.  69. 
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acid,  either  by  decomposing  uie  a^iu.  ° 

it  with  bases,  all  these  salts  have  the  same  property ; they  all  } «M 
the  precipitate  with  silver  salts,  and  the  metal  with  which  the  hydro 
chloric  acid  has  formed  the  salt  is  without  influence  on  the  pioduetio  | 
and  nature  of  the  precipitate. 

1 la  England  it  is  customary  to  define  a normal  solution  as i one^lncli  contains  ' 

1 litre  the  hydrogen  equivalent  of  the  active  agent  weighed  in  grams.- lr. 
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Such  a behaviour  is  by  no  means  universal.  In  water  and  hydrogen 
■ peroxide  we  have  got  to  know  compounds  which  contain  hydrogen  or 
j,  hydroxyl  and  still  do  not  show  the  properties  of  acids  or  bases.  Also, 
; there  are  numerous  chlorine  compounds  which  give  no  precipitate  with 
t\  silver  salts. 

The  survey  of  the  chemical  relations  is,  therefore,  greatly  facilitated 
i by  collecting  into  one  special  class  the  compounds  which  show  these 
n common  reactions.  It  is  called  the  class  of  the  salts  in  the  wider 
^ sense,  acids  and  bases  being  included. 

Salts  are,  therefore,  characterised  by  the  fact  that  in  solution  their 
components  give  individual  reactions  which  are  in  each  case  independ- 
. ent  of  the  other  component  present  in  the  salt.  And  this  relation  is 
f a reciprocal  one;  the  second  component  also  shows  its  own  reactions, 
& independent  of  the  first. 

Thus,  hydiochloric  acid  exhibits,  on  the  one  hand,  the  properties 
of  its  component  chlorine,  by  giving  with  silver  solutions  the  pre- 
I cipitate  described  above.  On  the  other  hand,  it  exhibits  the  properties 
fi  lof  its  component  hydrogen,  by  evolving  hydrogen  with  magnesium. 
I The  former  property  it  possesses  in  common  with  all  salt-like  com- 
l .pounds  of  chlorine;  the  second,  with  all  salt-like  compounds  of 
r hydrogen,  i.e.  with  the  acids. 


These  components  of  the  salts  which  react  independently  of  one 
another,  are  called  ions.  The  name  has  been  borrowed  from  their 
electrical  properties,  which  will  presently  be  discussed.  In  the  acids 
therefore,  hydrogen  is  present  as  hydrion ; in  the  salt -like  chlorides’ 
.the  chlorine  is  present  as  chloridion.  The  reddening  of  the  litmus  is 

a property  belonging  to  hydrion ; the  precipitation  of  the  silver  salts 
one  belonging  to  chloridion. 

The  ions  are  therefore  distinguished  from  the  ordinary  com- 
ponents of  chemical  compounds  by  the  fact' that  they  always  have  the 
same  properties  independently  of  the  other  ion  along  with  which  they 
accur.  No  less  are  they  distinguished  from  the  free  elements  or 
compounds  of  the  same  composition  by  the  fact  that  they  have  in 
die  first  place,  other  properties  than  these,  and  also  that  they  can 
• ccur  only  m pairs.  Thus  hydrion  of  the  acids  is  quite  different  from 

t"d‘n7  hydrogen ; for,  whereas  the  former  exhibits  the 

eactions  of  acids  which  have  been  several  times  mentioned,  none  of 
hese  are  shown  by  hydrogen  gas,  and  whereas  hydrogen  gas  is  gaseous 

tfer  hT,  y SllSh,tly  '"a  Wato''  hyd™“  is  only  in  solTon 

S in  whirhntb  “T,,  *3  °bSerVed  °"ly  in  a<Iueo"s  solutions  of  the 

■resent ^ which  1 l “mPonents  of  *he  acids  are  simultaneously 
resent  which  aiso  have  the  properties  of  the  ions.  Thus,  the  other 

omponey  Up'  mi  “tI,™?!  ,chIoridion’  sinoe  il  contains  no  other 
Win  i P'  174^‘  • ThlS  chloridlon»  again,  has  properties  which  are 

eS  Z mTTin  What  ^ occurs  (p.  188)  in  ^ 

tee  also,  chloridion  is  quite  different  from  the  element  chlorine  in  the 
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ordinary  state.  It  has  neither  its  colour,  nor  its  smell,  nor  its  bleach- 
• „ nr  oner  ties  • also,  it  exists  not  as  a gas,  but  only  in  solution. 

S We  have  'already  got  to  know  one  case  in  which  two  substances 

have  the  same  composition  but  nevertheless  exhibit  quite  different 
have  the  same  F i one  This  phenomenon  was  called 

properties  namely  oxyg^  ^ manner>  we  shall  distinguish  the  gas 

alloti  opy  (l  • )■ ' . ag  heing  two  allotropic  conditions  of  the  same 

iydl™tn  to  same  holds  for  chlorine  and  chloridion.  Likewise,  there 
element  to  sam  ye  the  same  chemical  composition  as  other 

are  complex  ions  exhibit  quite  different  properties, 

substances  which  aie  1 > vdroeen  neroxide.  In  the  case 

An  example  of  this  ™tead 

°„ff  ret  — 'rith 

of  the  same  composition.  allntrooic  forms  of  the  same  sub- 

* The  distinction  between  the  allotropm  to  ms  namdj. 

stance,  which  was  foimel  ij  .g  obtains  also  for  the  ions 

that  the  energy  conten  1 Between  chlorine  in  the  gaseous 

and  the  considerable  difference  of  energy  in 

1 sZ  tof  to  “as  contains  much  more  energy  than  the  ion. 
such  a sense  that  me  ..fference  is  only  a small  one.  Conversely, 

In  the  case  of  hydrogen,  tl  e energy  than  the  other  form. 

there  are  cases  ^^^^gg^The  chemical  relations  of  the  salts 

, Salt,S  to  t?  s?e  Tton,  a special  class  of  compound  substances 
having  led  us  to  see  u , , • . 0f  their  components,  the 

distinguished  by  the  'f^"d“L^™„pertieS  common  to  the  salts 
question  arises  whethei  the  answer  is  in  the  affirma- 

connected  ^"“4“  common  properties  which  we 

ttTshiu' dSTjust  now.  It  is  the  behaviour  of  the  saltsi 

towards  the  electric  current  differently  towards  the  electric 

As  is  known,  substances  ™e™6  n}on_conductors.  Metals 

current;  some  are  con  uc : °r  bnow  a n0n-conductor  (p.  <)■ 

are  conductors  ; in  su  p _ divided  into  two  classes.  To  the  firsts 

, ““sT  Such ’conductors  experience,  on  the  passage  of  the. 

St  no”  her  change  ^SS^y'S-  -*■*-  * 
Conductors  of  “ J,  duc‘tion  of  the  current, 

certain  substances.  Si  ntr0  ^heir  components  being  chemically 

S£SS«£=S  - - — - *•  — 

conductor,  or  the  “ electrodes.  . . , mu-rent,® 


iductor,  or  me  by  thc  electric  current,  is 

This  phenomenon  of  deo^  P whJ  show  it,  the  conductors 
called  electrolyse,  ■"‘d**  ,,rol  . « 


Th6  metL'liC  °"dSOf  * 
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circuit  in  contact  with  the  electrolytes,  are  called  electrode s.  We  have 

several  times,  previously,  made  use  of  the  phenomena  of  electrolysis 
for  the  purpose  of  separating  and  identifying  the  components  of  an 
electrolyte  in  a simple  manner  (pp.  137  and  176). 

The  exhaustive  investigation  of  the  substances  which  possess  the 
property  of  electrolytes,  has  shown  that  they  are  ionic  compounds  or 
i salts,  and  only  these.  Salts  are  electrolytes,  i.e.  the  property  of  con- 
] ducting  the  electric  current,  with  decomposition,  is  inseparable  from 
I the  presence  of  independently  reacting  components  or  ions. 

Thus,  water,  for  example,  is  not  an  electrolyte.1  We  can  convince 
i on i selves  of  this  fact  by  means  of  the  decomposition  apparatus  shown 
in  Fig.  70.  This  consists  of  a beaker  filled  with  the  liquid  to  be  investi- 
gated, to  which  the  current  from  an  electric  cell  (an  accumulator)  is 
led  by  two  electrodes  of  platinum.  This  metal  is  chosen  because  it  is 


Fig.  70. 


not  attacked  by  the  substances  which  separate  out  at  the  electrodes  • 
most  of  the  other  metals  are  not  so  resistant.  To  recognise  the 
passage  of  the  current  any  current  indicator,  e.g.  an  electric  bell 

ffpnwl  I"  ’ • meas1urement  of  the  current  can  at  the  same  time  be 

0 effected  by  using  as  indicator  a current  meter  or  ampere-meter  which 
must  indicate  hundredths  of  an  ampere. 

If  the  vessel  is  filled  with  pure  water  and  the  circuit  closed  the 

1 mstrumenJ  stows  no  deflection.  On  adding  a little  hydrochloric  keid 
fe  caustic  soda,  or  common  salt,  to  the  liquid,  a current  forthwith  passes’ 

|tsrmg  ln8trnment  sh0WS  “ deflection'  and  gas  is  evolved  at  the 

llYTni0nS.  and  Cations.— The  more  exact  investigation  of  the 
sses  which  take  place  in  electrolytes  under  the  influence  of  the 
rrent,  has  yielded  the  following  results. 

The  hydrogen  of  the  acids  always  separates  at  the  so-called 
n exLPe£fvS2^\rater  iS  CAerta“ly  an  electrolyte,  but  it  possesses  this  property  to 

I inductivity  ;e\ve  leave  thm^ut ' °‘  Water  7hkh  dePend  011  this  small 
description.  6m  out  ot  accouilt  here.  111  order  not  to  complicate  the 
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negative  electrode,  i.e.  the  electrode  at  which  the  positive  current 
leaves  the  electrolyte  to  pass  into  the  metallic  conductoi.  A e 
same  electrode,  the  metals  of  the  salts  appear.  This  is  readily  seen  if 
a silver  or  copper  salt  be  decomposed  m the  apparatus  described , the 
former  metal  forms  long,  needle-shaped  crystals,  the  latter  covers  the  . 
electrode  with  a red  coating  which  exhibits  the  colour  of  pure  copper 
The  ions  which  wander  to  the  negative  electrode  and  separate 
out  there  are  called  cations,1  and  the  electrode  is  called  the  catfwde. 
Hydrogen  is  the  cation  of  acids ; the  metals  are  the  cations  of  the 

sedts^and  baSecond  chlorine  appears  in  the  decomposition  of 

hydrochloric  acid  and  of  the  salt-like  metallic  chlorides,  and  can  be 
identified  by  its  colour  and  its  reactions.  The  ions  which  move  in 
tt  opposite  direction  to  the  cations  are  called  amons.  Chlorine  is 
therefore  the  anion  of  hydrochloric  acid  and  of  the  metallic  chlorides. 
The  electrode  at  which  the  anions  separate  is  desig. 

natedtatwhich  ^ 4 

it  “ ^ nLe  forgotten  ^jons  = ^ “ 

Led  at  these  points.  In  this  process  the  ions 

!SbUshLttfe aiawrtL' li^Z'TZ 
ments,  laiaday,  m ’ , i . jps  are  strictly  proportional  . 

substances  ^ofCeUr  u^Which  was  passed  Lough  the 
LctroWte"  From  this  the  idea  arises  that  the  passage  of  the  electn- 
: ; though  the  electrolyte  is  united  with  the  —ecus  — h 
of  the  ions,  so  that  no  current  at  all  can  pass  if  it  is  not  eat  tied  »y 

i°„nacc„rdanee  with  the  relation  which « , hare  £**£££*  \ 
between  the  direction  of  the  our™.* metals  in  the 
substances  which  separate  out .the  catio  ( y 1 » quantities  of  jwsifto 

ionic  state)  are  to  be  regarded  as.  the  <xnwn<»  q electricity. 

electricity,  whereas  chlorine  as  in  the 

. The  name  is  intended  to  express  that  these  ion.  wander  downwards 
of  the  electric  current. 
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rj,  good  representation  of  the  actual  relations,  and  it  may  be  employed 
■ without  entering  more  fully  into  the  way  in  which  the  electrical 
charge  on  the  ions  is  united  with  the  substances.  This  new  concep- 
tion does  not  conflict  with  the  criterion  mentioned  above  (p.  190),  that 
the  ions  differ  from  the  non-ions  of  like  composition  in  their  energy 
content,  for  an  electrically  charged  body  has  necessarily,  in  consequence 
of  its  chai’ge,  a different  content  of  energy  from  an  uncharged  one. 

Electrical  Units. — To  enable  the  connection  between  the  chemical 
and  electrical  phenomena  to  be  clearly  expressed,  some  of  the  funda- 
mental laws  of  electricity  must  be  here  recalled. 

By  various  means,  such  as  galvanic  cells,  dynamos,  thermopiles,  etc., 
a process  can  be  brought  about  in  conductors  of  electricity  which  is 
called  an  electric  current.  By  it,  all  kinds  of  work,  both  mechanical 
l effects  as  well  as  chemical  decompositions,  can  be  performed  at  any 
point  of  the  conductor,  and  heat  or  other  forms  of  energy  produced. 
The  electric  current,  therefore,  represents  a special  form  of  energy. 

The  current  can  be  measured  by  applying  the  law  of  Faraday 
which  has  just  been  enunciated,  according  to  which  the  amount  of 
electricity  passing  through  an  electrolyte  is  proportional  to  the  amount 
of  substance  which  is  at  the  same  time  decomposed.  If,  therefore,  an 
electrolytic  cell  be  introduced  in  the  circuit,  the  quantity  of  'gas 
evolved,  for  example,  is  a measure  of  the  amount  of  electricity  which 
has  passed  through.  By  strength  of  current  there  is  understood  the 
quantity  of  electiicity  which  has  passed,  divided  by  the  time  required, 

, or,  the  amount  which  passes  in  unit  time.  The  strength  of  the  current 
! can  therefore  be  measured  by  the  amount  of  gas  evolved  in  unit  time. 

I The  unit  of  quantity  of  electricity  is  called  the  coulomb;  it  has 
? been  determined  in  a manner  which  cannot  be  explained  here.  To 
t reduce  the  coulomb  to  a measure  with  which  we  are  familiar,  we  make 
j use  of  the  fact  that  for  the  evolution  of  l'Ol  gm.  hydrogen,  96,540 
coulombs  must  pass  through  the  electrolyte. 

A current  which  in  each  second  conveys  one  coulomb  through  the 
conductor,  is  called  an  ampere.  In  order,  therefore,  that  a current  of 
one  ampere  shall  liberate  l'Ol  gm.  hydrogen,  it  must  flow  for  96  540 
seconds,  or  26  hours  and  49  minutes,  through  the  electrolyte. 

\ ery  weak  currents  are  measured  in  milliamperes  or  “thousandths 
'ot  an  ampere. 

A current  is  not  determined  by  the  number  of  amperes  alone,  for 
currents  of  the  same  number  of  amperes  can  produce  very  different 
fc'  effects,  according  to  the  nature  of  the  conductor.  The  relations  here 
are  the  same  as  m the  case  of  a stream  of  water  which  can,  with  the 
same  amount  of  water,  perform  various  amounts  of  work,  according  to 
he  pressure  or  the  height  of  fall.  The  magnitude  of  the  electric 
•current  correspondmg  to  the  pressure  is  called  potential,  and  its  unit 

- d°  - ^ 

0 
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Apparatus  are  made  which  depend  on  the  magnetic  action  of  the 
current,  and  on  which  the  strength  of  the  current  can  he  read  direct  y 
in  amperes.  For  chemical  purposes  an  instrument  on  which  nnlli- 
amperes  can  be  read  off,  is  the  most  suitable.  For  the  measurement 
of  stronger  currents  auxiliary  apparatus  (shunts)  are  given  along  with 
such  instruments,  which  reduce  the  sensitiveness  to  a definite  fraction, 

generally  a tenth  or  a hundredth.  , , 

The  Second  Law  of  Faraday  .-From  the  law  that  the  ions  of 
the  electrolytes  are  united  with  definite  amounts  of  electricity  some 
important  conclusions  can  be  drawn,  which  allow  of  a considerable 
extension  of  the  electrochemical  relations. 

Hydrochloric  acid  solution  is  an  electrically  neutral  boo  y.  ,. 
then  "the  hydrion  in  it  has  a positive  charge  of  the  above  large  • 
amount  there  must  also  be  negative  electricity  of  exactly  the  same* 
not  present  This  is  united  with  the  chlorine,  which  thereby 
passe"  into  chloridion.  According  to  the  law  of  combming  we.ghts,.. 
there  are  35 A 6 gm.  chlorine  to  1*01  gm.  hydrogen;  consequently, 
one  g”m-ion  or°35'46  gm.  of  chloridion,  is  un.ted  w.th  96.040 

with  'one  combining  weight  of  chlorine;  consequently  we  can  state. 

Afferent  unitei  *Uk  * 

weights  are  so  chosen  f y correspond  “ «'Xh 'lomhine  with 

pdyvaLnt  ^Hkewisef  there^r^poly valent  anions'.  We  shall  discos. 

these  relations  at  a later  stage.  , discovered  by  Faraday,  anc 

is  r t;: 

iTditoet  ^ - -•  « - 

eXP^  electrolytes  the  P™ 

a,^  96.540  — * - 

t certain  similarity  to  that  of  Gay 


t 
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Luasac  with  respect  to  the  volumes  of  gases  in  chemical  combinations. 
Just  as  the  amounts  of  gases  present  in  equal  volumes  are  proportional 
to  the  combining  weights  or  to  multiples  of  these,  the  amounts  of  the 
$ ions  united  with  equal  quantities  of  electricity  are  also  proportional  to 
h the  combining  weights  or  to  fractions  of  these. 

* Primary  and  Secondary  Products  of  Electrolysis. — If 
very  dilute  hydrochloric  acid  is  subjected  to  electrolysis,  hydrogen  is 
obtained,  as  before,  at  the  cathode ; no  chlorine,  however,  appears  at 
the  anode,  but,  in  its  stead,  an  equivalent  amount  of  oxygen  is  evolved. 

This  is  due  to  the  fact  that  the  water  is  decomposed  by  chlorine  with 
formation  of  hydrogen  chloride  and  oxygen,  according  to  the  equation 
2R,0  + 201.,  = 4HC1  + 02  (p.  1G9).  This  process,  it  is  true,  takes  place 
with  measurable  velocity,  only  in  light ; we  may,  however,  assume 
here,  as  in  similar  cases,  that  the  process  takes  place  without  light, 
only  ' eiy  slowly.  It  can,  in  fact,  be  accelerated  by  platinum  and 
similar  catalysers,  even  in  the  dark,  to  such  an  extent  as  to  become 
measurable.  The  occurrence  of  oxygen  in  the  electrolysis  of  dilute 
hydrochloric  acid  is,  therefore,  generally  interpreted  in  such  a way 
that  it  is  assumed  that  chlorine  is  first  formed,  and  that  this  then  acts 
on  the  water,  undergoing  double  decomposition  with  this  to  form 
oxygen  and  hydrochloric  acid ; the  oxj'gen  is  accordingly  called  a 
secondary  product  of  electrolysis. 

Doubt,  however,  arises  as  to  this  view,  because  of  the  fact  that  it 
• assumes  hydrochloric  acid  to  be  decomposed  by  the  current  and  to  be 
formed  again  under  the  same  conditions  with  the  co-operation  of  the 
!'  ^ter  Present-  _ Such  an  assumption  can  be  avoided  by  means  of  suit- 
. able  considerations;  these,  however,  we  shall  not  put  forward  here, 

^ but  we  shall  formally  retain  the  view  just  given,  which  has,  in  the 
i first  instance,  no  disadvantage  and  simplifies  the  discussion. 

Such  secondary  products  are  often  formed  when  the  ions,  after 
they  are  discharged,  do  not  constitute  substances  which  are  stable 
under  the  existing  circumstances. 

Thus,  copper  and  silver,  as  has  been  mentioned,  are  eliminated  as 
netals  from  their  salts;  they  are,  therefore,  primary  products.  If 
[ owever , sodium  chloride  is  electrolysed,  there  is  obtained  (when  con- 
centrated  sobtmns  are  used),  on  the  one  side,  chlorine,  but  at  the 

thp  fill  ,ihTe  “ obtainf?  not  sodium  but  hydrogen.  This  arises  from 
he  fact  that  sodium,  which  would  be  eliminated  as  “primary”  product 

ex'sfc  ^contact  with  the  aqueous  solution,  but  must  immediately 
pass  into  caustic  soda  with  evolution  of  hydrogen  (p.  83).  One  mav 

trmlY?lnf  TUme  that  S°dium  is  ^dPed  eliminated,  but  that  at 
reactTwTth  thP  f P^ing  from  the  ionic  into  the  metallic  state  it 
a m! nl , Y Wat6r  Wlth  forraation  of  the  secondary  products.  As 
, 1 ‘,j.U  0 *ac^’  caustlc  soda  is  found  at  the  cathode,  for  on  addin < 
litmus  solution  to  the  liquid,  it  immediately  becomes  blue 

a solution  of  caustic  soda  or  sodium  hydroxide  be  subjected  to 
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electrolysis,  hydrogen,  for  the  reasons  just  given,  makes  its  appearance 
at  the  cathode.  At  the  anode  hydtoxidion,  OH,  is  discharged.  Tins 
does  not  exist  alone,  but  the  doubled  compound,  0,H.  or  hydrogen 
peroxide  is  known.  This  substance,  however,  on  account  ot  its  , 
instability,  is  also  not  produced,  or  at  least  is  so  only  in  traces ; on  the 
contrary,  the  reaction  40H  = 2H20  + 02  occurs,  and  free  oxygen  is 
evolved.  This  oxygen,  therefore,  is  also  to  be  regarded  as  a secondary 


^ Faraday’s  law  is  necessarily  fulfilled  whether  the  products  of  the 
electrolysis  are  primary  or  secondary.  For  in  the  second  case,  the 
J amounts  of  the  secondary  substances 

are  always  connected  with  those  of  the 
primary,  by  simple  chemical  equations, 
and  the  former  must,  therefore,  neces- 
sarily be  produced  in  amounts  which 
are  proportional  and  chemically  equiva- 
lent to  the  primary. 

By  slight  changes  in  the  conditions 
of  the  experiment,  one  may  sometimes 
obtain  the  primary  or  the  secondary 
products  at  will.  I or  example,  if,  in 
the  electrolysis  of  sodium  hydroxide  or 
sodium  chloride,  the  platinum  cathode 
be  replaced  by  one  of  mercury  (Fig.  71), 
no  hydrogen  is  evolved  but  the 
sodium  dissolves  in  the  mercury.  If, 
afterwards,  the  mercury  containing  the  sodium  be  plaeed  in  pure  water, 
the  transformation  2Na  + 2H.O  = 2NaOH  + H,  slowly  takes  place  , 
hydrogen  is  evolved  and  the  liquid  reacts  alkaline. 

Dissociation  of  Electrolytes.— An  important  fact,  which  sheds  * * 
further  light  on  the  difference  between  electrolytes  and  non-electrolytes  . 
is  the  following.  It  has  previously  been  explained  that  the  molai 
weight  of  substances  soluble  in  water,  can  be  determined  by  die  change 
which  they  produce  in  the  freezing  point  of  water,  one  mol  i o . 
substance  dissolved  in  a litre  of  water  causing  a depression  of  Ko. 
If  the  quantity  of  hydrochloric  acid  which  causes  such  a depressio 
be  determined, ^it  is  found  that  about  19  gm  are  sufficient.  Nov  the 
11  moiar  -weight  which  can  be  assumed  for  hydrogen  chloride 
the"Thl  combining  weights  of  chlorine  and  hydrogen  ; 


just  been  set  forth  concerning  the  independent  behaviour  of 

•l  , rxf  oiher  hvdrogen  compounds,  as,  for  exampa. 

petroleum^ spirit  4*  cJno  common  property  can 
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he  shown  which  could  be  attributed  to  the  presence  of  hydrogen. 
The  fact  that  they  contain  hydrogen  appears  only  when  the  substances 
are  destroyed  and  water  has  been  formed  from  them  by  combustion. 
The  behaviour  of  the  substances  containing  hydrion  is  quite  different ; 
these  are  characterised  just  by  the  fact  that  they  always  exhibit  the 
same  properties,  which  are  due  to  the  hydrion.  In  these  substances, 
therefore,  the  ionic  hydrogen  leads  an  independent  existence,  and  can 
be  recognised  as  exhibiting  the  properties  of  this. 

We  shall,  accordingly,  conclude  that  the  solution  of  hydrochloric 
acid  really  contains  two  different  substances,  hydrion  and  chloridion, 

, whereas  the  gaseous  hydrogen  chloride  certainly  contains  only  the 
compound  and  not  the  components.  A solution  of  36‘46  gm.  hydrogen 
chloride  contains,  therefore,  not  one  mole  of  the  compound,  but  two 
moles,  one  of  each  of  the  two  kinds  of  ions.  For  that  reason,  it 
causes  twice  as  great  a depression  of  the  freezing  point.  This  observa- 
tion, also,  forces  us  to  the  conclusion  that  the  ions  are  to  be  regarded 
as  independent  substances. 

From  the  point  of  view,  also,  of  the  atomic  hypothesis,  a quite 
appropriate  picture  of  these  relations  can  be  drawn.  The  investigations 
of  the  conductivity  of  electrolytes  have  shown  that  the  movement  of 
the  electricity  within  these  liquids  takes  place  exactly  as  in  metallic 
conductors,  that  it  takes  place,  more  especially,  without  expenditure 
of  work  so  long  as  the  substances  are  not  eliminated  at  the  electrodes 
■ and  transformed.  In  other  words,  the  electricity  moves  free  in  the 
electrolytes.  Since,  on  the  other  hand,  the  electricity  moves  only 
simultaneously  with  the  ions  (cf.  p.  192),  there  only  remains  the  con- 
clusion that  the  carriers  of  the  electrical  charges  in  the  electrolytes, 
the  ions,  are  also  free. 

An  important  conclusion  can  be  immediately  drawn  from  these 
general  considerations.  The  deviations  from  the  law  of  the  depression 
of  the  freezing  point  and  the  electrical  conductivities  must  run  parallel 
to  one  another ; where  the  one  occurs,  the  other  must  also  be  present, 
and  the  two  must  be  regularly  dependent  on  one  another.  Experi- 
ment has  shown  that  these  conclusions  are  completely  justified.  The 
discovery  of  this  important  relation  is  due  to  the  Swedish  scientist 
Arrhenius  (1887). 

I!  The  phenomenon  that  certain  substances  (which  shall  henceforth 

be  designated  collectively  as  salts)  break  up,  in  aqueous  solution,  into 
independent  portions,  the  ions,  is  denoted  by  the  name  of  electrolytic 
| dissociation.  The  name  is  formed  in  conformity  with  the  term  dissocia- 
tion, which  has  long  been  in  use  to  denote  the  partial  decomposition 
of  substances  into  simpler  components.  The  epithet  electrolytic 
lefers  to  the  phenomenon  of  electrical  conductivity,  which  always 
: accompanies  this  and  which  is  present  in  all  cases  in  which  this 
1 phenomenon  is  found. 

Electrolytic  Solutions. — The  properties  of  electrolytes  just 
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described  can  be  observed  only  in  solutions,  and  the  question  ciiises, 
whether  the  condition  of  solution  has  anything  to  do  with  the 
electrolytic  dissociation.  The  answer  is  that  such  is  the  case  to  a 
very  large  extent.  At  the  ordinary  temperature,  the  property  of  _ 
electrolytic  conductivity  is  exhibited,  in  any  great  degree,  only  by 
dissolved  salts;  pure  substances  are  either  non-conductors  or  exceed- 
ingly poor  conductors.  This  holds  for  all  three  physical  states,  and 
more  especially  for  liquids.  At  a comparatively  high  temperature, 
pure  substances,  e.g.  the  ordinary  salts  in  the  fused  state,  also  begin 

to  conduct.  . , . . . ... 

Further,  the  property  of  electrolytic  conduction  belongs  chiefly  to 

aqueous  solutions.  Solutions  in  other  liquids  sometimes  also  exhibit 
electrolytic  conduction,  but  this  is,  in  general,  much  less  than  in 
aqueous  solution,  so  that,  in  this  respect,  water  occupies  an  exceptional 

1 These  relations  are  exhibited  very  clearly  in  the  case  of  hydrogen 
chloride.  Hydrogen  chloride  can  be  obtained  in  the  pure  state  as  a 
liquid  (p  179),  which,  however,  exhibits  no  acid  properties  so  long  as 
no  water  is  added  to  it.  Metals  do  not  evolve  hydrogen  from  it,  and 
in  its  behaviour  it  is  rather  indifferent.  It  is  only  when  the  hydrogen 
chloride  is  dissolved  in  water  that  the  typical  properties  of  the  acids 
make  their  appearance  ; these  properties  are  dependent  on  the  forma- 
tion of  hydrion,  which  occurs  only  on  dissolution  m wafer. 

Since  most  of  the  chemical  reactions,  more  especially  the  analytical 
ones'  which  serve  for  the  identification  of  different  substances,  are 
carried  out  in  aqueous  solution,  a knowledge  of  the  ionic  condition  o 
the  salts  is  a matter  of  great  importance.  In  the  case  of  all  compounds, 
therefore,  we  shall  in  future  state  whether  they  form  ions,  and  which 

The  names  of  the  substances  in  the  ionised  condition  are  formed 
according  to  the  following  rules.  The  names  of  the  cations  are 
obtained  by  adding  the  termination  -ion  to  the  stem  of  the  names  of 
the  corresponding  metals,  the  Latin  names  for  the  latter,  ^eie  such 
exist,  being  employed.  Hydrogen  in  the  ionised  condition  tower 
is  called  hydrion.  Where  a substance  forms  several  ions  diffenn 
from  one  another  in  valency,  the  names  of  such  ions  are  d.sUn^ishrf 
by  prefixing  a Greek  numeral  indicating  the  valency.  In  * 
the  anions  the  names  are  formed  from  those  of  the  salts  as  fo  o 
If  the  name  of  the  salt  ends  in  -ate,  the  name  of  the  corresponding 
anion  is  obtained  by  replacing  the  termination  -ate  by  -an  o - 
the  anion  of  the  carbonates,  which  is  called  carbarnon 2 ", 
the  anions  of  salts  ending  in  -ite  are  formed  by  replacing  -ite  > > 
-osion,  and  of  salts  ending  in  -ide  by  converting  this  termination  in 

irlinn  The  ion  OH'  is  called  liydroxidion. 

* The  above  names  are  the  names  of  substances,  and  do  not  express 

any  molecular ; conceptions. 
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Further,  we  shall  sometimes  find  it  necessary  to  distinguish  the 
substances  in  the  condition  of  ions  from  the  others.  For  this  purpose, 
the  cations  will  be  designated  by  a point,  the  anions  by  a dash.  H 
represents,  therefore,  hydrion ; Cl',  chloridion.  On  account  of  the 
necessity  that  chemically  equivalent  amounts  of  cations  and  anions  must 
be  present  in  solutions  (p.  194),  every  complete  chemical  equation  must, 
when  ions  occur  in  it,  contain  equivalent  amounts  of  cations  and 
anions  on  the  same  side  of  the  sign  of  equality. 

Thus,  for  example,  the  process  of  the  formation  of  sodium  chloride 
from  hydrochloric  acid  and  caustic  soda,  will  have  to  be  represented  by 
the  following  equation,  if  it  is  desired  to  represent  the  processes  by  the 
ions : — 


H-  + Cl'  + Na‘  + OH'  = Na‘  + Cl'  + H,0. 

This  equation  shows  that  the  ions  chloridion  and  sodion  remain 
unchanged  in  the  process,  as  their  reactions,  indeed,  also  persist  in  the 
solution  of  common  salt  produced.  For  this  gives,  on  the  one  hand, 
the  precipitate  with  silver  salts  which  is  characteristic  of  chloridion,  and, 
on  the  other  hand,  when  electrolysed  with  a mercury  cathode,  it  yields 
a solution  of  sodium  in  mercury,  just  as  caustic  soda  also  does  (p.  196). 

The  ions  hydroxidion  and  hydrion,  however,  are  used  up,  because 
they  have  combined  to  form  undissociated  water  (p.  191).  For  this 
reason  the  reaction  both  of  hydrion  and  of  hydroxidion  have  disappeared, 
for  the  liquid  no  longer  reacts  acid,  nor  can  the  basic  properties  of 
caustic  soda  be  any  longer  detected. 

Thermochemical  Relations  of  Hydrogen  Chloride. — Since 
chlorine  burns  in  hydrogen,  the  heat  developed  in  the  combustion  can 
be  directly  measured  ; the  following  equation  is  thus  obtained  : — 


Cl2  + H2  = 2HC1  + 2 x 92  kj. 

This  number  applies  to  the  formation  of  gaseous  hydrogen  chloride. 
If  this  is  dissolved  in  water,  a further  very  considerable  quantity  of 
heat  is  developed.  The  necessity  is  here  felt  of  distinguishing  the 
; dissolved  hydrogen  chloride  from  the  gaseous,  since  these  two  forms 
1 possess,  in  conformity  with  the  difference  of  their  properties,  very 
’ different  energy. 

Where  we  are  dealing  with  aqueous  solutions,  it  has  become  cus- 
tomary to  designate  the  condition  of  sohition  of  substances  by  the 
addition  of  aq.  (aqua).  Now,  certainly,  the  development  of  heat  on 
dissolving  hydrogen  chloride  varies,  according  as  the  solution  produced 
■ is  more  or  less  concentrated.  This  is  easily  seen  from  the  fact  that  on 
h diluting  a concentrated  solution  of  hydrochloric  acid,  a fairly  large 
I quantity  of  heat  is  developed.  If,  however,  the  dilution  is  carried 
I urther,  this  heat  becomes  less  and  less,  and  there  is  ultimately  a final 
I condition  reached  when  a measurable  quantity  of  heat  is  no  longer 
I eveloped.  It  is  to  this  condition  that  the  symbol  aq.  refers. 


200 


PRINCIPLES  OF  INORGANIC  CHEMISTRY 


CHAP 


> 


If  hydrogen  chloride  is  dissolved  in  a large  quantity  of  watci,  < - l.j 
are  developed,  and  we  have  the  equation 

HC1  + aq.  = HC1  aq.  + 72  kj. 


On  adding  this  equation  (multiplied  by  2)  to  the  preceding  one,  • | 
there  follows 

H0  + CL  + aq.  = 2IFC1  aq.  + 2 x 164  kj, 


which  gives  the  heat  of  formation  of  the  dissolved  hydrochloric  acid 
from  its  elements. 

Thermochemistry  of  the  Salts.— If  a strong  acid,  e.g.  hydro- 
chloric acid,  is  neutralised  with  a strong  base,  e.g.  caustic  soda,  a quantity 
of  heat  equal  to  57  kj  is  developed.  The  quantity  of  heat  is  found  to 
be  identical,  no  matter  what  acid  or  base  is  used,  it  being  assumed  that 
both  are  “ strong,”  and  that  both  are  in  the  condition  of  dilute  aqueous 

solution.  . « -it  .i 

The  reason  of  this  law  becomes  at  once  apparent  if  we  recall  the 

fact  that  the  formation  of  a salt  from  its  acid  and  base  in  dilute 
aqueous  solution,  consists  in  the  hydrion  and  the  hydroxidion  combining  : 
to  form  water,  while  the  two  other  ions  remain  unchanged  side  by  side  • 
(p.  198).  The  heat  development  of  57  kj  is  nothing  else  than  the  heat  j 
of  formation  of  water  from  hydrion  and  hydroxidion.  Since  in  the  • 
formation  of  any  and  all  salts  from  strong  (i.e.  nearly  completely  dis- 
sociated) acids  and  bases,  the  same  process  of  the  formation  of  vater 
always  takes  place,  the  corresponding  heat  development  must  also  ha\e  :| 

At  the  same  time  it  follows  that  deviations  are,  in  general  to  be 
expected  if  any  of  the  suppositions  made  are  not  fulfilled  i.e.  it  acid, 
baseorsalt  is  slightly  dissociated.  To  the  heat  of  format, on  of  water 
57  kj  there  must  then  be  added  the  quantity  of  heat  which  is  del  eloped 
or  absorbed  in  the  decomposition  of  the  acid  or  base  into  its  ions  or  m 
the  formation  of  the  undissociated  portion  of  the  salt  and  theobsen  e 
heat  of  neutralisation  is  the  sum  of  the  corresponding  magm  u . 
We  shall  have  an  opportunity  later  of  mentioning  such  cases. . 

Further,  it  was  mentioned  on  p.  190.  that  the  elementary  ions  have 
different  quantities  of  energy  from  the  free  elements.  It  may  be  ashed 

if  it  is  nossible  to  measure  this  difference.  . j.  i 

A method  which  cannot  be  described  here,  has,  indeed,  been  fount 
for  ^purpose;  but  since  no  other  method  of  at.aming  the  ^anm 
!•  b rilrl  lap  found  it  has  hitherto  not  been  possible  to  test  its 
result  Itled  to  the  conclusion  that  the  transformation  of  hydrogen: 
Zinto  dissolved  hydrion  causes  no  appreciable  change  of  energy. 
We  have,  therefore,  the  following  thermochemical  equation  . 


H.,  + aq.  = 2H'  aq.  + 0 kj. 
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If  this  basis  be  assumed,  the  heats  of  formation  of  all  other  ions 
l can  be  determined. 

For  example,  it  was  found  (p.  200)  that  a dilute  aqueous  solution  of 
hydrochloric  acid  is  produced  from  its  elements  and  water  with  a heat 
development  equal  to  164  kj.  Since  this  solution  contains  chlorine  and 
hydrogen  in  the  form  of  ions,  we  should,  taking  this  into  account,  write 
the  equation  : — 

Cl2  + H2  + aq.  = 2(Cr  + H')  aq.  + 2 x 164  kj 

= 2 Cl'  aq.  + 2H'  aq.  + 2x164  kj. 

Subtracting  from  this  the  equation  H.,  + aq.  = 2H'  aq.,  there 
follows 

C1.2  + aq.  = 2d'  aq.  + 2 x 164  kj. 

In  other  words,  the  heat  of  formation  of  dilute  hydrochloric  acid  is 
equal  to  the  heat  of  formation  of  chloridion,  since  no  heat  effect  is 
produced  in  the  formation  of  hydrion. 

This  conclusion  can  be  at  once  generalised.  Since,  as  regards  the 
hydrion,  the  same  relations  are  found  in  the  case  of  all  acids  so  far  as 
they  are  electrolytically  dissociated,  the  rule  obtains  for  all  acids  that 
the  heat  of  formation  of  their  dilute. aqueous  solutions  is  equal  to  the 
heat  of  formation  of  their  anion. 

When  sodium  is  dissolved  in  hj^drochloric  acid,  the  hydrogen  of 
the  acid  escapes  and  sodium  chloride  is  produced.  The  development 
of  heat  which  thereby  occurs,  is  very  considerable.  This  has  been 
determined,  indirectly,  and  been  found  equal  to  239  kj.  This  corre- 
sponds, therefore,  to  the  equation 

2Na  + 2HC1  aq.  = H2  + 2NaCl  aq.  + 2 x 239  kj. 

If  we  again  write  the  ions,  the  equation  runs  : — 

2Na  + 2H‘  aq.  + 2CT  aq.  = H2  + 2Na'  aq.  + 2CT  aq.  + 2 x '239  kj. 

! ^ we  again  subtract  the  equation  H2  + aq.  = 2H‘  aq.  from  this  and  omit, 
[•  on  each  side,  the  common  member  CT  aq.,  we  obtain 

Na  + aq.  = Na‘  aq.  + 239  kj. 

That  is  to  say,  the  conversion  of  metallic  sodium  into  sodion  is 
t+ accompanied  by  a development  of  heat  of  239  kj.  This  is  the  same 
| amount  of  heat  as  was  developed  in  the  action  of  sodium  on  hydro- 
< chloric  acid,  for  the  simultaneous  conversion  of  hydrion  into  gaseous 
hydrogen  gives  no  heat  effect. 

! This  theorem,  also,  can  be  extended  generally.  It  holds  for  every 
other  dissociated  acid  and  every  other  metal.  We  can,  therefore 
■enunciate  the  general  law  : — 

If  a metal  acts  on  an  acid  with  the  formation  of  a salt  and  generation 
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of  hydrogen,  the  amount  of  heat  which  is  developed  depends  only  on  the 
nature  of  the  metal,  and  is  independent  of  the  acid.  This  heat  is  equal  to 
the  heat  of  transformation  of  the  metal  into  its  cation. 

The  first  part  of  this  law  is  an  experimental  fact,  and  was  known 
lone  before  it  was  deduced  on  the  basis  of  the  theory  of  electrolytic 

dissociation.  , r 

Should  any  of  the  substances  with  which  we  are  dealing  be  undis- 

sociated  or  only  slightly  dissociated,  deviations  from  the  simple  law 
occur ; the  cause  of  these  is  the  same  as  in  the  case  of  the  deviations 
from  the  constant  heat  of  neutralisation,  discussed  on  p.  200. 

The  transformation,  therefore,  both  of  chlorine  and  of  sodium,  from 
the  ordinary  to  the  ionic  condition,  is  accompanied  by  a very  consider- 
able development  of  heat.  Although  the  difference  of  the  total  energy 
of  the  two  conditions,  of  which  the  heat  development  is  an  expression, 
is  not  a direct  measure  of  the  tendency  of  the  elements  to  pass  into  . 
the  ionic  condition,  still  the  one  moves  to  some  extent  parallel  to  the 
other,  and  from  the  large  values  of  the  heat  development  we  can  infer 
a large  value  for  the  tendency  to  transformation.  In  fact,  it  has  been  , 
repeatedly  mentioned  that  both  elements  possess  a very  considerable  ■ 
chemical  reactivity.  On  examining  the  nature  of  these  reactions  of 
chlorine  and  sodium  more  closely,  it  is  found  that  in  the  majon  J 
the  cases  salts  are  formed,  that  is  to  say,  we  have  before  us  a mani- 
festation of  the  tendency  of  chlorine  and  sodium  to  exchange 
ordinary  for  the  ionic  condition. 

i Even  in  the  solid  salts,  winch  are 

are  much  nearer  to  the  condition  of  t into  tlie  ionic  condition,  on  being, 

dlssofved  in1  ^vater, 'gives  rise, "Tn  general,  to  only  inconsiderable  heat  effects,  in  most  • 
cases,  indeed,  to  absorption  of  heat. 
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' OXYGEN  COMPOUNDS  OF  CHLORINE 

Oxygen  Compounds  of  Chlorine.— Whereas  hydrogen  can  com- 
i ibine  with  chlorine  only  in  one  proportion,  this  latter  element  forms 
several  compounds  with  oxygen.  There  is  a still  larger  number  of 
substances  which  contain  hydrogen  along  with  chlorine  and  oxygen. 

All  these  compounds  are  distinguished  from  hydrogen  chloride  by 
la  circumstance  of  essential  importance.  They  bear  the  same  relation 
to  it  as  hydrogen  peroxide  does  to  water ; hydrogen  chloride  is  formed 
from  its  elements  with  loss  of  energy,  and  cannot,  therefore,  decompose 
spontaneously  into  them,  but,  for  the  production  of  the  oxygen  com- 
pounds of  chlorine,  energy  must  be  communicated.  Accordingly, 
these  compounds  exhibit  the  property  of  decomposing  spontaneously, 
i.e.  without  the  communication  of  energy,  and  this  instability  is  so 
marked  in  the  case  of  some  of  them  that  they  decompose  with 
explosion.  The  reason  for  this  is  in  entire  accordance  with  the 
relations  set  forth  in  the  case  of  hydrogen  peroxide  (p.  159). 

The  way  in  which  the  energy  necessary  for  the  formation  of  such 
compounds  must  be  communicated,  may  vary  in  different  cases.  The 
most  frecpient  and,  for  general  reasons,  the  most  important  way  for  us, 
s the  chemical.  If  the  possible  processes  are  conducted  in  such  a way 
•^at  along  with  the  desired  substance,  other  substances  are  produced 
"hose  formation  is  accompanied  by  the  liberation  of  large  quantities- 
)f  energy,  this  energy  can  be  used  for  the  purpose  of  producing  the 
i-omparatively  unstable  compound.  For  the  successful  communication 
)f  this  energy,  however,  it  is  not  sufficient  that  any  reaction  whatever, 
vhich  will  yield  energy,  be  allowed  to  take  place  along  with  the 
- esired  one ; such  a reaction  would  act  merely  as  a corresponding 
uevation  of  the  temperature,  and  it  would  have  no  effect,  or  only  a 
harmful  one.  On  the  contrary,  it  is  an  essential  condition  that  the  two 
eactions  he  dependent  on  one  another,  or  he  “ coupled  ” with  one  another,  so 

tie  one  cannot  take  place  without  the  other . It  can  be  seen  from  the 
hemical  equation  whether  this  condition  is  satisfied.  If  this  can  be 
separated  into  two  equations  which  are  independent  of  one  another, 
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the  chemical  processes  are  not  li  coupled  ” ; if  such  a separation  cannot  | 

be  made,  the  above  condition  is  satisfied. 

Thus,  for  example,  it  might  be  expected  that  the  large  develop- 
ment  of  energy  which  accompanies  the  formation  of  water  from  its 
elements,  could  cause  the  simultaneous  formation  of  hydrogen  peroxide  tj 
from  oxygen  and  hydrogen,  the  energy  necessary  for  this  latter  reaction 
being  yielded  by  the  former  by  some  such  reaction  as  is  expressed  by 

the  equation 

3H2  + 202  - 2H20  + H202. 


This  expectation  is  not  confirmed  by  experience,  a fact  which  is  in 
harmony  with  the  rule  just  given,  for  the  equation  can  be  resohed  into<^  I 

the  two  equations 


2H2  + 02  = 2H20  and  H2  + 02  = H202. 


The  two  processes  are,  therefore,  not  coupled  or  mutually  conditioned. l| 
Numerous  examples  of  coupled  processes  will  be  given  by  the 
reactions  which  lead  to  the  formation  of  the  oxygen  compounds  of  A 
chlorine,  and  which  will  be  given  immediately. 

Hypochlorous  Acid.— It  has  been  already  mentioned  (l-  )j| 

that  chlorine  is  absorbed  by  caustic  soda  solution.  The  pioduct 
formed  cannot  consist  entirely  of  sodium  chloride,  for  this  is  foimed  J 
from  caustic  soda  and  hydrogen  Monde  As, a matter 

chloride  is  indeed  formed,  accompanied,  however,  by  a new  subst.  ce. 
The  solution  produced  has  not  the  purely  saline  taste  of  common 
w a caustic  one.  Like  free  chlorine,  it  has  a bleaching  action 
on  Vegetable  colours,  e.g.  litmus ; it  acts  as  a powerful  ^sinfect^ 
and  on  the  addition  of  hydrochloric  acid,  it  evolves  chlorine,  which  ea» 
be  identified  by  its  colour  and  smell.  Common  salt,  however,  gn  e,  nc 

detectible  reaction  with  hydrochloric  acid.  • 

The  above  process  takes  place,  according  to  the  equation 


2NaOH  + Cl2  = NaCl  + NaOCl  + H20. 


There  are  formed,  therefore,  sodium  chloride  and  another  componnc 

,Vhi!f  this^ompound”  NaOCl,  be  prepared  free  from  sodium  chloride 
it  is  found  that  its  aqueous  solution  is  an  electrolyte,  Jutoes  no  ^ 

t^Ttn ruLC“t&r which0 coSfsodhmt  chloride,  of  court 
ft  thl  tdpt”,  but  inly  in  half  the  amount  that  corresponds  <■ 

the  chlorine  present  substance  is,  indeed,  a salt,  b« 

From  this  it  follows  tha therefore,  be  present  . 

oxygen,  sodion  being  the  other  ion  of  the  salt. 
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There  must  therefore  be  an  acid  HOC1,  formed  by  the  combination 
of  hydrogen  with  the  ion  OCT,  which  on  neutralisation  with  caustic 
isoda  again  yields  the  original  salt,  according  to  the  equation  HOC1  + 
h\NaOH  = NaOCl  + H.,0.  Such  an  acid  can,  indeed,  bo  prepared. 
iThis  acid  has  received  the  name  of  hypochlorous  acid;  its  salts  are 
called  hypochlorites  and  the  ion  OCT  hypochlorosion.  The  sodium  salt 
j already  mentioned  is  called  sodium  hypochlorite. 

Preparation  of  Acids  from  their  Salts. — For  this  purpose  a 
general  method  is  used,  which  can  be  described  in  the  following  words: 
j To  obtain  the  acid  corresponding  to  a given  salt,  the  salt  is  decomposed  with 
■mother  acid. 

That  such  a preparation  is  possible  can  be  seen  if  we  designate  the 
desired  acid  by  HA,  where  A is  a simple  or  complex  anion,  and  its 
salt  by  MA,  where  M represents  some  metal  ion.  Further,  if  HB  is 
mother  acid,  the  following  reaction  is  possible  by  the  interaction  of 
he  two  substances  : — 

MA  + HB  = HA  + MB. 

There  would  be  obtained,  therefore,  if  the  reaction  took  place,  the 
| desired  acid  and  the  salt  of  the  acid  added.  There  remains  then  the 
further  task  of  separating  the  two  substances  in  order  to  obtain  the 
acid  in  a pure  state. 

Applying  this  rule  at  once  to  the  case  before  us,  we  should  have  to 
decompose  the  sodium  salt  NaOCl  with  hydrochloric  acid.  The  desired 
iicid,  along  with  sodium  chloride,  would  be  obtained,  according  to  the 
reaction 

NaOCl  + HC1  = NaCl  + HOC1, 

md  the  two  substances  would  then  have  to  be  separated. 

It  has  been  found,  now,  by  experience  that  the  reaction  repre- 
sented by  the  general  scheme  always  occurs,  but  is  never  a complete 
me.  In  all  cases  only  a portion  of  the  substances  present  undergoes 
-eaction,  and  another  portion  remains  unchanged.  In  other  words,  in 
.11  these  cases  chemical  equilibria  are  established  (p.  100).  For  such 
quilibria  it  is  necessary  that  the  concentrations  of  the  reacting  sub- 

! stances  shall  be  in  a definite  relation  to  one  another,  depending  on 
lie  nature  of  the  substances,  on  the  temperature,  and  on  several  other 
ircumstances. 

If,  now,  one  of  the  participating  substances  is  removed,  the 
quilibrium  can  no  longer  exist,  but  the  reaction  must  take  place  by 
leans  of  which  the  substance  removed  is  again  replaced.  If  the  por- 
ion  thus  formed  is  also  withdrawn,  the  same  process  goes  on  again, 
ii  nd  in  this  way  the  reaction  can  be  carried  so  far  that  the  total  possible 
it  mount  of  the  product  is  ultimately  formed. 

On  this  fact  is  based  the  preparation  of  hypochlorous  acid  by  the 
-'action  described.  If  dilute  hydrochloric  acid  is  added  to  the  sodium 
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hypochlorite,  part  of  the  salt  is  converted  into  sodium  chloride  and 
hypochlorous  acid,  while  another  part  remains  undecomposed  On 
distilling  the  mixture,  the  hypochlorous  acid,  which  is  the  most  vola- 
tile of  the  four  substances  present,  passes  over,  and  the  amount  of  it  in 
the  residue  is  diminished.  For  this  reason  fresh  acid  must  be  formed , 
in  the  residue  ; if  this  is  also  removed  by  distillation,  all  the  acid  vluch 
can  be  formed  from  the  quantities  of  the  substances  present  must.:; 
really  be  ultimately  formed,  and  be  found  in  the  distillate.  And  this  -| 

is,  as  a matter  of  fact,  the  case.  n 

In  carrying  out  the  experiment  it  is  necessary  to  proceed  with  care 

and  to  add  lels  hydrochloric  acid  than  corresponds  to  the  equation. 
Also,  it  is  necessary  to  employ  dilute  acid  and  to  so  add  it  that  there  ■ 
can  nowhere  exist  an  excess  of  hydrochloric  acid  In  the  presen 
case  this  is  necessary  because  of  the  fact  that  hydrochloric  acid  : 
acts  on  the  hypochlorous  acid,  as  will  be  presently  discussed  In 
other  cases,  where  such  action  is  not  to  be  feared,  these  precautions  ■ 

” Properties  of  Hypochlorous  Acid.-The  aqueous  solution  o. 
hypochlorous  acid,  obtained  in  this  manner,  shows  not  only  the  generahjl 
properties  of  acids  hut  also  some  special  properties,  which  m many 1 1 
[ _ mask  the  former.  The  solution  is  colourless  but  has  a strongjl 

smell  similar  to  that  of  chlorine.  It  acts  as  a powerfu  bleaching  agent 
towards  organic  colouring  matter,  and  its  -ti»u-  a dismount  and  as,  | 

1 P°ihen  ^“«Town  hyX  sTtion  of  hypochlorous  add  J 

wh  Mr  ^ | 

chloric  acid,  according  to  the  equation 


CL  + HoO  = HOC1  + HC1. 


Ifh  extreme°readiness,  thereby  passing  inn 


1 This  t,  the  reason  why  the  deco, up, out »«  of ^ 
acid  must  he  csmrf  out  camtuU^s  oteemd  ehlotine  is  formed,  which,  on  >hsdl 
S;»es‘”.!”S;  hypochlorous  „eid  .ud  render,  it  impure. 
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hydrochloric  acid.  Similarly,  the  hypochlorites  pass  into  chlorides,  or 
hypochlorosion  into  chloridion.  Expressed  in  equations,  we  have 

2HOC1  = 2HC1  + 0.,, 

2NaOCl  = 2NaCl  + 02, 
ii:  and  20C1'  = 2 OP  + 0.,.  " 


If,  therefore,  they  are  brought  together  with  substances  which  can 
take  up  oxygen,  these  will  unite  Avith  oxygen  or  be  oxidised.  For 
r this  reason,  the  hypochlorites  are  powerful  oxidising  agents,  and  in 
i this  respect  are  superior  to  hydrogen  peroxide. 

I his  readiness  to  part  Avith  oxygen  is  seen  even  in  the  case  of  the 
hypochlorites  from  the  fact  that  they  evolve  gaseous  oxygen.  Under 
ordinary  conditions,  this  process  takes  place  so  slowly  that  it  is  scarcely 
noticeable.  Like  all  slow  reactions,  however,  it  can  be  made  to  take 
place  much  more  quickly  by  means  of  accelerating  agents,  and  can  then 
be  readily  observed. 

In  this  case,  such  catalytic  agents  are,  more  especially,  the  salts  of 
i cobalt,  a metal  belonging  to  the  same  class  as  iron  (p.  54).  On  addin-- 
. a small  quantity  of  any  cobalt  salt  to  a solution  of  sodium  hypochlorite 
obtained  by  passing  chlorine  into  a solution  of  caustic  soda,  a black 
precipitate  is  produced  Avhich  is  an  oxide  of  cobalt  rich  in  oxygen,  and 
.gas  is  immediately  evolved.  This  can  readily  be  shoAvn  to  be  oxygen 
from  its  causing  a glowing  splinter  to  burst  into  flame. 

■ Ihe  formation  of  the  hypochlorite  and  its  decomposition  into 
chloride  and  oxygen,  can  be  united  into  one  process  by  addin--  some 
cobalt  salt  to  a solution  of  caustic  soda  and  passing  in  chlorine*  The 
hypochlorite  is  then  only  temporarily  formed,  and  forthwith  decomposes 
into  chloride  and  oxygen.  The  process  then  appears  to  take  place  in 
accordance  AAdth  the  equation 

4NaOH  + 2C12  = 4NaCl  + 02  + 2H00. 


In  accordance  with  the  general  law  for  catalytic  processes,  we  must 
in  this  case  also  say  that  the  formation  of  oxygen  is  a process  Avhich 
takes  place  spontaneously,  and  can  only  be  accelerated  by  the  catalyser 

sod  H f°Tatl0n  h^°?te  also>  bT  Pa^ing  chlorine  into  caustic 
soda  the  above  process  takes  place  at  the  same  time,  and  a slight  evolu- 

tion  of  oxygen  occurs.  It  might  now  be  asked  why  hypochlorite  is 
med  at  all,  and  why  the  whole  amount  of  the  substances  does  not 
straightway  pass  into  the  most  stable  condition,  chloride  and  oxygen 
as  represented  in  the  last  equation.  ' 5 & ’ 

Law  of  Successive  Reactions.— The  ansAver  to  this  question  G 

S'1  M/rdf/  ^ a g6neral  laW)  which  states  that  in  aU  reactions  the 
■/I  r !'  a!r  “ n0t  drai(Mway  reached,  but  the  next  less  stable  or  that 
'late  winch  » the  least  stable  of  the  possible  states.  Starting  from  this  the 
-lore  stable  states  are  reached  one  after  the  other,  and^he  process  „? 
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transformation  comes  to  a stop  only  when  a state  is  finally  attained 
which  cannot  further  change  and  is,  therefore,  the  most  stable. 

To  understand  this  theorem  aright  it  is  necessary  to  have  a clear 
idea  of  what  the  stability  of  a system  depends  on.  Reference  has 
already  been  made  at  an  earlier  stage  to  these  relations  when  treating 
of  oxidising  agents  (p.  154),  and  we  shall  here  treat  the  question  m a 

more  general  manner. 

Free  Energy. — Every  process  that  takes  place  spontaneously,  is 
characterised  by  the  fact  that  by  its  progress  work  can  in  someway  be 
cabled  No  such  process  can  take  place  of  itself,  under  the  same  con- 
ditions in  the  reverse  manner ; to  bring  about  this  reversal,  work 
must  be  again  communicated.  Thus,  water  flows  of  its  own  accord 
valleywards,  and  can  thereby  perform  work  ; but  to  bring  it  uphill,  it 
must  be  carried  or  pumped  up,  and  for  that,  work  is  always  necessary. 

The  least  stable  conditions  are,  therefore,  those  which  contain  the 
most  work,  and  the  most  stable  are  those  from  which  as  much  verk 
his  been  taken  from  the  system  as  it  will  yield.  The  word 
is  here  used  in  its  most  general  meaning ; it  represents,  therefore,  some  » 

in  another  system  or  could  be  converted  into  work.  That  this  cannot  , 
1 p done  wilf  be  seen  if  it  be  attempted,  for  example,  to  utilise  the 

prevailed,  it  cannot  be  made  to  perform  any  work  if  its  surroundings. 
^ to  distinguish  between  the  energy  which 

is  transferable  to  other  ^ Jtter  iatob  "S-Jf 

, & com  bnl'P  nlaoe  only  in  such  a way  that  me  jm 

chemical  processes  Cc  tjk  P J will,  therefore,  be  that  with 

en“  most  stable,  that  fm. 
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contained  in  it.  To  this  class  belong,  therefore,  all  processes  which 
take  place  spontaneously  with  fall  of  temperature.  Examples  of  this 
are  not  rare.  A volatile  liquid  evaporates  spontaneously  with  fall  of 
temperature  into  a space  which  is  free  from  its  vapours  ; salts  dissolve 
spontaneously  in  water  with  fall  of  temperature,  and  many  chemical 
processes  also* take  place  spontaneously  with  fall  of  temperature.  All 
these  cases  are  examples  of  the  fact  that  in  spite  of  the  decrease  of 
the  free  energy  in  processes  which  take  place  spontaneously,  the  total 
energy  can  increase. 

The  question  as  to  how  the  free  energy  is  to  be  measured  cannot 
be  discussed  here.  It  is  sufficient  to  know  that  the  fact  that  a reaction 
takes  place  spontaneously  is  a sign  that  the  free  energy  of  the  system 
is  thereby  diminished. 

If  we  apply  what  has  here  been  said  to  the  case  we  were  just  con- 
sidering, the  system  chlorine  plus  caustic  soda  will  be  designated  as 
the  form  with  the  greatest  free  energy.  The  system  produced  from 
this,  sodium  chloride  plus  sodium  hypochlorite,  has  less  free  energy, 
and  sodium  chloride  plus  oxygen  has  the  smallest  amount  of  free 
energy.  The  following  figure  gives  a picture  of  the  relations,  the 
values  of  the  free  energy  being  represented  by  the  perpendicular 
heights : — 


A 

4NaOH  + 2Cl, 

2NaCl  + 2Na0Cl  + 2H20 

• 

! 4NaCl  + 2H.,0  + 0., 

Fiom  the  appearance  of  the  figure  it  will  be  seen  why  it  is  that 
starting  from  the  highest  step,  the  lowest  is  not  immediately  reached’ 

! out  that  a halt  is  first  made  at  the  middle  one.  This  furnishes  an 
inswer  to  the  question  asked  above  (p.  207). 

Chlorine  Monoxide.— Hypochlorous  acid  is  not  known  in  the 
sure,  %.e.  the  anhydrous,  state.  On  attempting  to  prepare  it  the' 
’ dements  of  water  leave  the  acid,  and  a compound  of  chlorine  and 

s 1'xygen  remains  behind.  This  compound  is  no  longer  an  acid,  since  it 
ontains  no  hydrogen. 

This  process  takes  place  in  accordance  with  the  equation 
2LIOC1  - H„0  + CLO. 
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The  new  substance  is  called  chlorine  monoxide,  since  it  contains  me 
combining  weight  of  oxygen.  Since  it  is  obtamed  from  hypochlorons 
acid  by  loss  of  water,  it  is  also  called  hypochlorous  anhydride.  ns 
nomenclature  is  employed  fairly  generally  ; various  substances  which 
are  formed  from  other  substances  by  the  loss  of  the  elements  of  water, 

are  called  anhydrides  of  these  substances.  . . ' . . 

* This  name  was  introduced  on  the  supposition  that  m the 

original  substances  not  merely  the  elements  of  water  are  contained  but 
also  ready  formed  water,  and  this  conjecture  arose  because  somesul.- 
stances  <nve  off  water  with  exceeding  readiness  and  rapidity.  But  a 
deeper  knowledge  of  the  facts  has  shown  that  there  exists  a continuous 
transition  from  those  which  readily  give  off  water  to  those  from  which 
water  can  be  obtained  only  by  especially  powerful  reactions.  s, 

therefore  more  scientific  to  in  no  case  assume  the  presence  of  pie- 
formed  water,  especially  as  no  definite  meaning  can  be  attached  to  such 

a florin"' monoxide  is  obtained  most  readily  by  carrying  out  the 
reaction  leading  to  the  formation  of  a salt  of  hypochlorous  acid 

(p.  204),  with  of  dry: 

chlorine  “passed  oCr  nJrcunc  oxide,,  the  following  reaction  tabes  ■ 

plaCe  ' HgO  + 2C12  = HgCl2  + C1,0. 

Tn  this  equation  Hg  is  the  symbol  for  mercury  ; its  oxide  is  com- J 

1 T combining  weights  of  mercury  and  oxygen  The  | 

posed  of  equal  oo mbmvn*  £ mercuric  chloride,  remains  behind  as 

S —tand  the  chorine  monoxide,  which  is  gaseous  at  room 

-SB 

smell,  which  can  be  condensed  to  a liquid  ^ ug  and  still  more  1 

and  readily  decomposes  with  j 
'explosion,  forming  oxygen  and  chlorine. 

*1“  Ve  £ sho decomposes  'into  its  elements  under  the 

. sf  SU’JA 

i In  order  that  the  reaction  may  ^ ?oe 

prTpained  by  precipitating  mercuric  chloride  with  caustic  - j 

aqueous  solution. 
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between  the  middle  and  the  lowest.  The  solution  of  NaCl  + NaOCl, 
which  is  obtained  by  passing  chlorine  into  a solution  of  caustic  soda, 
undergoes  a change  in  its  properties  on  being  kept  some  time.  This 
change  takes  place  most  quickly  in  the  heat  and  when  a slight  excess 
of  chlorine  is  present  in  the  solution.  Its  bleaching  power  and  its 
smell  gradually  disappear,  and  after  some  time  it  contains  no  more 
hypochlorite,  for  it  evolves  no  chlorine  on  being  treated  with  dilute 
i hydrochloric  acid  in  the  cold. 

If  the  solution  is  now  evaporated,  two  salts  are  obtained,  sodium 
Ichloiide  and  another  salt  which,  like  sodium  hypochlorite,  also  con- 
tains oxygen.  It  is  shown,  however,  by  analysis,  to  have  a composi- 
tion wllich  is  expressed  by  the  formula  NaC103,  and  is  called  sodium 
chlorate.  The  reactions  which  take  place  are,  therefore,  represented  by 
the  equations  J 

2NaOH  + Cl,  = NaCl  + NaOCl  + H,0, 

3NaOCl  = 2NaCl  + NaCIO,,  “ 

or,  omitting  the  intermediate  stage, 


6NaOH  + 3 Cl,  = 5NaCl  + NaC103  + 3H,0. 

Since  sodium  chlorate  is  a very  soluble  salt,  and  can  be  separated 
only  with  difficulty  from  the  simultaneously  formed  sodium  chloride 
t is  better  to  prepare  the  corresponding  potassium  salt  by  passing 
■ llorine  into  a solution  of  potassium  hydroxide.  Since  potassium  in 
ijtll  its  chemical  relations  exhibits  an  exceedingly  great  similarity  to 
odium  the  reactions  which  take  place  are  of  exactly  the  same  kind  as 
q °Se  descnbed>  and  need  not  be  again  explained.  Potassium  chlorate 
•long  with  potassium  chloride,  is  obtained  as  the  product  of  the  re- 
action ; and  since  the  former  salt  is  much  less  soluble  than  the  latter  in 
he  cold,  it  separates  out  on  allowing  the  solution,  obtained  by  the 
ctaon  of  chlorine  on  potassium  hydroxide,  to  cool. 

' xj®  Salt  thu®  obtained  is  already  well  known ; it  is  the  salt  used 
the  preparation  of  oxygen  m the  laboratory  (p  62)  The 

f0rmed  at  the  ““  *”  is  “ ^ 

™ht  Wa3lPr?'tUS!y  Stated’  il  is  known  that  potassium 

“ride  the  sSmegh  h ’ “T  ^ °Xy«en  and  Potassium 
oioriue,  the  same  behaviour  being  l.kewise  shown  by  sodium  chlorate 

\ composition  takes  place  according  to  the  equation 

2KC103  = 2KC1  + 30,, 
here  K is  the  symbol  for  potassium. 

• Iowest-  we « 


212 


PRINCIPLES  OP  INORGANIC  CHEMISTRY  chap. 


In  conformity  with  the  smaller  fall  between  the  chlorate  and  the 
oxygen  steps,  the  last  transformation  does  not  proceed  so  readily  and 
rapidly  as  that  of  chlorine  into  hypochlorite,  and  of  the  latter  into 
chlorate  At  ordinary  temperatures,  the  chlorates  are  practically  quite 
stable  and  only  at  comparatively  high  temperatures  does  the  reaction 
become  so  rapid  that  it  can  be  observed.  I hat  the  reaction  can  be 
accelerated  through  the  influence  of  catalytic  agents,  has  already  been 
mentioned  (p  62) ; besides  the  substance  then  mentioned,  pyiolusite, 
o "de  of  Ron  R a very  effective  accelerator  of  the  decomposition. 

Preparation  of  Chloric  Acid.— Chloric  acid  cannot  be  very 
easily  obtained  from  potassium  or  sodium  chlorate.  The  aqueous 
solution  of  the  salt,  it  is  true  undergoes  partial  f 
other  acids  in  accordance  with  the  general  rule  (p.  20 o) , but  as  tbe 
chloric  acid  cannot  be  distilled,  the  separation  cannot  be  carried  out 
in  the  same  way  as  in  the  case  of  hypochlorous  acid.  Recourse  has, 
therefore,  to  be  had  to  another  method. 

If  we  consider  the  equation 


MA  + HB  = MB  + HA 


that  even  vwy  1 eral  equation,  therefore,  M has  to  lx 

precipitate  (p.  188).  cmorine  If  silver  chlorate  be  prepare! 

S't:  deJornpoTed^ ‘with  h/drochloric  acid,  siiver  chloride  and  chlor,. 
acid  are  formed  according  to  the  equation 


AgC103  + HC1  = HC103  + AgCl, 
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3'  actual  preparation  of  chloric  acid,  other  substances  are  mostly 
v.  employed,  especially  barium  chlorate  and  sulphuric  acid.  With  these 
p.  the  same  result  is  obtained,  since  barium  sulphate  is  also  a very 
1 difficultly  soluble  salt. 

In  employing  this  method  of  preparation,  the  amounts  of  the  react- 
' substances  must  be  determined  exactly,  so  that  neither  the  one  nor 
i the  other  shall  be  in  excess  and  contaminate  the  chloric  acid  which 
j!  remains  behind.  In  the  method  itself,  however,  is  contained  a 
h security  against  this,  for  the  one  substance  must  be  added  to  the  soly- 
ji  tion  of  the  other  only  so  long  as  a precipitate  is  formed.  The  clear 
|j  liquid  is  tested  with  a small  quantity  of  the  first  substance  to  see  if 
i an  excess  of  the  second  has  not  been  added,  and  one  continues  testing 
iwith  the  two  substances  alternately  until  a sample  of  the  solution  gives 
no  precipitate  either  with  the  one  or  with  the  other. 

It  must  not  be  thought  that  in  this  way  an  “ absolutely  ” pure 
solution  is  obtained.  This  would  be  the  case  only  if  the  precipitate 
were  absolutely  insoluble,  which,  however,  is  never  the  case.  When, 
however,  the  solubility  of  the  precipitate  is  known  from  other  measure- 
ments, the  amount  of  impurity  still  present  can  be  calculated. 

The  solution  of  chloric  acid  thus  obtained,  is  a strongly  acid 
colourless  liquid,  which,  although  fairly  stable  in  dilute  solution,  slowly 
decomposes  into  oxygen  and  hydrochloric  acid.  The  latter  substance 
acts  in  turn  on  the  remaining  chloric  acid  with  formation  of  chlorine 
and  water,  so  that  oxygen  and  chlorine  are  finally  obtained.  Expressed 
in  equations,  we  have  z 

2HC103  = 2HC1  + 309 
lnd  5HC1  + HC103  = 3H20  + 3C12, 

:-)r,  combined  together, 


4HC103  = 2H.,0  + 2 Cl0  + 50 


2' 


lpn  ® de^omPosltlon  takes  Place  all  the  more  rapidly  the  more  con- 
_entrated  the  solution  becomes  and  the  higher  the  temperature  rises. 

lk7comnnnt°f  Puantltles  of  oxygen  which  are  evolved  in  the 

t lecomposition,  chloric  acid  is  a strong  oxidising  agent. 

kr2elv°mpdaC1ClaiSl  SUch.  finds  no  application,  but  the  chlorates  are 

nrW  tl  ' F/l  er  lnf°rmatl°n  with  regard  to  this  will  be  given 
mder  the  respective  metals.  & 

Solubility  of  Salts. — In  order  to  successfully  perform  the  above- 

i^fcnce' ^o?LTan>  °f  I""  by  utilisation,  on  the  basis  of 

Dlutions  of  snbd  7i  i kn°wled§e  of  the  Se neral  laws  to  which  the 
utions  of  solid  substances  are  subject,  is  necessarv  Tho 
nportant  of  these  are  the  following.  oocessaiy.  I he  most 

mtI?eeaad?filidrXb^  di8SOlveS  in  a li(luid’  there  is  for  each  tem- 
; the  flis  d,  fi^lte  f i.e.  a definite  ratio  between  the  amounts 
1 thG  dlSS0lved  sukstance  and  of  the  solvent.  This  ratio  can  be 
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expressed  in  two  ways,  cither  by  taking  the  total  amount  of  the  solu- 
tion or  only  the  amount  of  the  solvent,  as  unit,  or  putting  it  equal  to 
100  The  former  method  of  calculation  is  the  one  most  suitable  for 
scientific  purposes,  but  the  latter  is  almost  entirely  used,  and  we  shall 
retain  it  here.  The  solubility  will,  accordingly,  be  represented  by  the 
amount  of  solid  substance  which  can  dissolve  in  100  parts  of  the 

If  less  of  the  solid  substance  is  brought  into  contact  with  the  liquid 
than  corresponds  to  the  solubility,  it  all  dissolves  and  the  solution  is 
called  unsaturated,  because  it  can  still  take  up  further  quantities  of  the 
solid  substance.  If  more  of  the  solid  substance  is  added,  an  amount 
dissolves  corresponding  to  the  solubility,  and  the  excess  remains  undis- 
solved.  The  solubility  is  quite  independent  of  the  amount  o is  j 
excess  and  the  same  concentration  is  therefore  found,  whether  the.- 
solution  is  in  contact  with  much  or  with  little  of  the  solid  substance. 

The  solubility  is  therefore  an  expression  of  the  equilibrium  betv  een 
the  solid  and  the  liquid  portion,  just  as,  for  example  the  melting  pom  . 
of  a single  substance  is  an  expression  of  the  equilibrium  between  the  - 
solid  and  the  liquid  form.  In  both  cases,  the  equilibrium  is  independ- 
rnfof  the  relative  and  absolute  amounts  of 
This  statement  applies  quite  universally  to  all  equilibria 

different^  phase^.  substance  is  not  present,  one  of  the  factors  ^‘: 

“ — r:  we  please  can'be  ^o'ved  m a 

aS  Sons.  U there  can  be  solutions 
solid  substance  than  corresponds  to  the  condition  of  equilibria 

presenc^of  the^olidjorm^  ^ ^ be  prepared  in  varied 

s-  r: 

with  the  solid  form,  however  they  . “ ve  the  solid  form 

S=4 

“‘Influence  of 

temperature  rises,  ln  t te  cas  • usually  represented  hi 

tTtttm^Je^tgUasured  towards  the  right,  the  sola 
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bilities  upwards.  In  Fig.  72  such  curves  are  given  for  sodium 
chloride,  potassium  chloride,  and  potassium  chlorate.  The  following 
facts  can  be  learned  from  the  figure. 

The  solubility  of  potassium  chloride  increases  proportionally  with 
the  temperature,  i.e.  for  equal  changes  of  temperature,  the  quantity  of 
salt  contained  in  the  saturated  solution  varies  by  equal  amounts.  The 
solubility  of  potassium  chlorate,  however,  increases  more  quickly  than 
the  temperature,  for,  for  equal  differences  of  temperature,  the  changes 
of  the  solubility  are  all  the  greater  the  higher  the  temperature.  The 
former  case  is  represented  by  the  straight  course  of  the  solubility 
curve,  the  latter  by  the  bending  upwards  of  it. 

The  solubility  of  sodium  chloride  is  characterised  by  the  fact  that  it 
! is  almost  independent  of  the  temperature,  i.e.  at  different  temperatures 


it  retains  almost  the  same  value.  This  circumstance  can  be  immedi- 
ately recognised  by  the  fact  that  the  curve  is  almost  horizontal. 

To  the  question  as  to  whether  the  solubility  could  be  dependent 
on  any  other  circumstances  besides  the  temperature,  an  answer  is  edven 
by  the  phase  law  (p.  171).  Since  we  are  dealing  here  with  two&com- 
ponents,  the  solid  substance  and  the  solvent,  the  sum  of  the  phases 
and  the  degrees  of  freedom  is  equal  to  2 + 2 = 4.  In  the  case  of  a 
solution  in  equilibrium  with  the  solid  substance,  we  have  two  phases 
namely,  the  solution  and  the  solid  body  ; accordingly,  there  are  still 
wo  degrees  of  freedom.  One  of  these  is  disposed  of  by  the  tem- 
perature, and  one  still  remains,  and  it  must  be  possible  to  change 
tne  solubility  by  other  circumstances,  e.g.  by  pressure. 

loin  experiments  carried  out  in  this  connection  the  result  has 
been  obtained  that  such  a variability  certainly  exists,  but  is  exceed- 
n g 7 shShfcl  LarSe  pressures  amounting  to  hundreds  of  atmospheres 
re  required  to  bring  about  such  a change  of  the  solubility  as  can  just 
easuied.  It  is  admissible,  therefore,  for  most  purposes  to  take 
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the  possibility  of  this  influence  as  little  into  account  as  in  the  case  of 
the  change  of  the  melting  point  with  the  pressure. 

Relation  between  Solubility  and  Heat  of  Solution  -The 
question  on  what  does  the  influence  of  temperature  on  the  solubility 
depend  or  better,  is  this  influence  related  to  any  other  property  of 
substances,  can  be  answered  on  the  basis  of  the  same “ 
has  already  been  several  times  applied  in  answer  to  the  question  as 
to the  influences  affecting  equilibrium.  When  a system  is  subjected 
to  a constraint,  that  process  will  take  place  which  tends  to  counter- 
act the  constraint.  If,  then,  the  temperature  of  a saturated  solu- 
tion be  raised,  the  equilibrium  will  be  shifted  in  such  a way  that  a 

reaction  will  take  place  which  is  accompanied  by 
ture  In  the  case,  which  is  the  most  frequent,  of  the  dissolution 
the  solid  substance  taking  place  with  absorption  of  h^t 
with  lowering  of  temperature,  this  process  must  result  and  the  s 
biHtv  will  increase  with  rise  of  temperature.  Cases  exist,  However, 
in  which  heat  is  developed  on  solution,  and  in  such  cases  the  solubility 
vi  1 decrease  with  rise  of  temperature.  Finally,  substances  which 
attain  the  condition  of  saturation  without  exhibiting  heat  effects,  will 
have  a solubility  which  is  independent  of  the  temperature. 
k&V  These  relations  have,  indeed,  been  demonstrated  m many  cases, 

SiX we  made 

sassil «S5 

a definite  temperature.  This  quantity  of  hea  ^ solvent) 

rl r i 

;tr^h“nces  are ' inTar^ounts.  they  can  have  not 

SM 

exceeded,  the  separation  can,  but  does  nece;fs  h * 'the  separa- 

^^n^l^^s^more^s^mialty  o/subst^c^  at°hi^her 

a method  ot  P~ 


X 


OXYGEN  COMPOUNDS  OF  CHLORINE 


217 


f:  cedure  is  known  as  recrystallisation.  Of  the  substances  given  in  Fig. 

72,  potassium  chlorate  can  be  recrystallised  very  well  from  hot  solu- 
i,  tions,  since  the  difference  of  solubilities  at  different  temperatures  is 
|ji  very  great.  The  method  is  less  suitable  for  potassium  chloride,  and 
not  at  all  suitable  for  sodium  chloride.  For  the  purpose  of  recrystal- 
lising these  substances  other  means  must  be  employed  by  which  the 
b-  solid  substance  is  caused  to  separate  out. 

* These  differences  of  behaviour  can  be  made  clear  by  an  experi- 
• ment.  If  potassium  chlorate  be  added  to  boiling  water  as  long  as  it 
i is  dissolved,  so  much  of  the  salt  is  deposited  on  cooling  that  the  liquid 
[■  forms,  a firm  paste.  From  a solution  of  potassium  chloride  saturated 
in  the  heat,  a much  smaller  amount  of  crystals  is  deposited,  and  from 
the  solution  of  sodium  chloride,  practically  none. 

Solutions  may  be  made  to  crystallise  not  only  by  change  of  temper- 
j ature  but  also  by  diminishing  the  amount  of  solvent.  In  the  case  of 
volatile  liquids  this  is  best  effected  by  evaporation.  Thus,  for  example, 
by  evaporating  the  water  of  the  naturally  occurring  solutions  of 
f common  salt,  the  salt  springs,  the  salt  contained  in  them  is  obtained 
in  the  crystalline  condition.  This  method  of  crystallisation  by  evaporation 
v is  used  almost  more  frequently  than  the  method  of  crystallisation  by 
! cooling. 


Behaviour  of  Mixed  Salts. — Regularities  similar  to  those  just 
set  forth  obtain  in  the  case  where  several  salts,  or,  generally,  several 
> solid  substances,  are  present  at  the  same  time.  In  this  case  also  there 
r corresponds  to  each  temperature  a definite  condition  of  saturation 
which  is  independent  of  the  relation  between  the  amounts  of  the 
different  phases.  When  several  salts  are  present  the  solubility  of  each 
single  salt,  certainly,  is  no  longer  the  same  as  when  it  is  present  alone, 

, but  they  exercise  a mutual  influence  on  one  another.  This,  however, 
affects  only  the  numerical  values  and  not  the  general  relations. 

If,  now,  the  point  of  saturation  of  a mixed  solution  is  exceeded, 
this  does  not,  in  general,  occur  at  the  same  time  for  both  salts,  but  the 
h solution  which  is  supersaturated  for  the  one  is  still  unsaturated  with 
"1  respect  to  the  other.  For  this  reason  only  the  one  solid  substance 
; separates  out  from  the  solution,  and  its  separation  from  the  other  is 
Kithus  effected. 

For  example,  on  evaporating  a solution  of  any  mixture  of  salts, 
.;omy  that  salt  will,  in  the  first  instance,  separate  out  -whose  point  of 
! saturation  is  first  reached.  On  withdrawing  the  crystals  which  are 
deposited  from  the  solution,  the  substance  is  obtained  in  the  pure  state, 
v Unly  when  the  point  of  saturation  of  the  other  substances  is  reached 
L1  o these  separate  out  along  with  the  first,  and  mixtures  are  obtained. 

. . su°k  cases  the  separation  can  generally  be  carried  further  by 
i making  use  of  the  different  variation  of  the  solubilities  with  the  tem- 
perature. For  example,  if  a solution  of  potassium  chloride  and 
r potassium  chlorate,  from  which  pure  chlorate  first  separated,  has 


218  PRINCIPLES  OF  INORGANIC  CHEMISTRY  chap. 

reached  the  point  at  which  both  salts  would  be  deposited  together  on 
further  evaporation,  it  is  only  necessary  to  concentrate  the  solution  at 
a higher  temperature.  The  chlorate  is  then  relatively  the  more 
soluble  and  the  liquid  deposits  chloride ; if,  then,  saturation  with 
respect  to  chlorate  is  again  almost  reached,  a mixture  will  be  obtained 
on  cool  inf  which  contains  much  chlorate  and  little  chloride,  and  by 
redissolving  and  crystallising,  these  can  be  for  the  greater  part  sepa- 
rated. By  repeating  the  separations  the  task  can  finally  be  so  far 
accomplished  that  the  residue  of  unseparated  salts  can  be  neglected. 

The  method  of  separation  to  be  pursued  m individual  cases 
depends  accordingly  on  a knowledge  of  the  various  solubilities.  Ihe 
general  relations  we  have  explained  allow  in  each  case  of  the  most 

appropriate  method  being  ascertained. 

Perchloric  Acid. — A further  step  between  chlorate  and  oxygen 
is  met  with  on  carefully  heating  potassium  chlorate  or  another 
chlorate.  A portion  of  the  salt,  the  amount  of  which  depends  on 
external  circumstances,  and  especially  on  the  nature  of  the  vessel  and 
the  presence  of  solid  impurities  in  the  salt,  decomposes  into  oxygen 
and  potassium  chloride  ; another  portion,  however,  passes  into  a com- 

P°U1K  potassium  chforate  is  kept  heated  to  a temperature  somewhat 
above  its  melting  point,  the  evolution  of  oxygen,  which  is  at  hist  com 
siderable,  becomes  slower  and  ceases  long  before  the  oxygen  Pie&e 
has  been  expelled.  At  the  same  time  solid  crusts  begin  to  separate 
from  the  fused  salt ; and  when  the  evolution  of  gas  ceases,  the  salt  has 
also  again  become  solid,  although  the  temperature  is  not 

The  salt  mixture  produced  can  be  readily  separated  y „ • 
tion  into  potassium  chloride,  which  is  readily  soluble,  and  a new  salt 
whose  solubility  in  water  is  very  small.  It  is  obtained  almost  £ 
extracting  the  finely  powdered  mixture  with  cold  water,  whereby  most 
rfto  potassium  chloride  is  removed,  and  dissolving  the  resrdue  nr  hot. 
witer  On  cooling,  the  new  salt  crystallises  out. 

Inalyris  lhoi  it  to  be  composed  of  potassium,  chlonne,  and 
oxygen  according  to  the  formula  KC104,  and  it  rs th mdore  * 
potassium  salt  of  a netv  acid,  called  perchloric  oM.  The  salts  of 

"ttXpSum  salt  is  obtained  from  the  chlorate,  the  free  ■ 

aCidThe  process  in  the  ease  of  the  potassium  salt  is  represented  by  the 
following  equation  : 


4KCIO3  = 3KC104  + KOI. 
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In  the  case  of  the  acid  the  equation  is  the  same  except  that  K is 
replaced  by  H. 

Although  the  transformation  is  accompanied  by  evolution  of 
oxygen,  this  does  not  seem  to  be  essential,  for,  by  careful  heating,  it 
I can  be  brought  about  without  the  escape  of  oxygen. 

Properties  of  Perchloric  Acid. — Perchloric  acid  is  much  more 
j stable  than  the  other  oxy-acids  of  chlorine.  Whereas  the  hypochlor- 
| ites,  when  treated  with  hydrochloric  acid,  are  converted  instantaneously, 
and  the  chlorates  pass  readily  into  water  and  chlorine,  this  decomposi- 
tion does  not  take  place  in  the  case  of  the  perchlorates ; potassium 
perchlorate  can  be  evaporated  with  hydrochloric  acid  without  decom- 
position and  evolution  of  chlorine  taking  place.  For  this  reason  it  is 
possible  to  distil  perchloric  acid  and  to  obtain  perchloric  acid  by  the 
i distillation  of  perchlorates  with  acids,  although-  the  boiling  point  of  the 
i:  acid  is  fairly  high. 

The  properties  of  perchloric  acid  differ  markedly  according  as  the 
; acid  is  completely  anhydrous  or  contains  a little  water.  Prepared 
> from  potassium  perchlorate  by  distillation  with  sulphuric  acid,  it  is 
I obtained  as  an  oily  liquid,  boiling  at  over  200°,  Avhich  is  exceedingly 
*;  stable  and  exhibits  no  oxidising  properties.  It  contains  70  per  cent  pure 
i acid  and  30  per  cent  water.  If  this  liquid  is  mixed  with  double  its  volume 
of  sulphuric  acid  and  again  distilled,  the  water  is  retained  by  the 
1 sulphuric  acid  and  the  pure  acid,  HC104,  passes  over  as  a strongly 
5 i fuming  liquid.  If  the  distillation  is  continued,  an  aqueous  acid  distils 
f over  and  combines  in  the  receiver  with  the  anhydrous  acid,  forming 
) a]  crystalline  hydrate  of  the  composition  HC104  + Ho0.  From  this, 

I ' the  pure  acid  can  be  again  obtained  by  careful  distillation.  The  pure 
i acid  is  colourless,  very  volatile,  has  the  density  178,  and  decomposes 
t with  extreme  readiness,  so  that  on  being  brought  in  contact  with 
i oxidisable  substances  it  generally  explodes  with  violence.  When 
placed  in  water  it  dissolves  with  a hissing  sound  and  great  evolution  of 
: heat,  forming  a very  stable  solution  which,  on  evaporation,  again  yields 
) ^e  oily,  stable,  70  per  cent  acid. 

The  cause  of  this  great  divergence  of  properties  lies  in  the  fact 
( that  the  aqueous  acid  contains  ions,  whereas  the  anhydrous  acid  does 
i not  (p.  179).  The  ions  are  much  more  stable  than  the  free  acid, 

! : and  for  this  reason,  also,  the  salts  of  perchloric  acid  do  not  show 
any  of  the  readiness  to  decompose  which  is  manifested  by  the  free 
acid. 

I In  perchloric  acid  we  have  another  example  of  solutions  whose 
boiling  point  changes  with  the  composition  in  such  a way  that  it  has 
jtl  a maximum  value  at  a definite  concentration.  The  relations  discussed 
in  detail  in  the  case  of  hydrochloric  acid  (p.  182)  are  again  met  Avith 
r-  ere ; the  fact,  also,  that  the  concentrated  acid  fumes  in  moist  air,  is 
further  evidence  of  the  similarity. 

The  succession  of  the  products  of  interaction  of  chlorine  and  caustic 
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soda,  which  was  indicated  on  p.  209,  must,  in  accordance  with  what  lias 
been  said,  be  completed  as  follows : — 


24NaOH4-12Cl.3 


12Na0Cl+12NaCl 


4NaClO;i+20NaCl 


3NaC104+21NaCl 


24NaCl-j60f 


J 


For  the  sake  of  shortness,  the  12H20,  produced  in  the  passage  to 
the  second  stage,  have  been  omitted,  since  they  take  no  further  part  in 

the  transformations.  _ 

Other  Oxygen  Compounds  of  Chlorine. — The  substances 

hitherto  described  do  not  exhaust  the  possible  number  of  compounds 
of  chlorine  with  hydrogen  and  oxygen,  although  the  substances  still 
to  be  treated  are  of  inferior  importance  to  those  already  mentioned. 

If  a chlorate  is  decomposed  with  a strong  acid,  e.g.  sulphuric  acid, 
chloric  acid  is  first  formed,  in  accordance  with  the  general  scheme. 
This  substance  is,  however,  not  stable  in  the  anhydrous  condition, 
and  immediately  undergoes  decomposition,  in  accordance  with  the 

equation  4HC103  = 2H20  + 4C102  + 02. 

In  other  words,  water  is  formed  from  the  components  of  the  acid,  this 
being  necessary  for  the  production  of  the  more  stable  ions  of  the 

remaining  chloric  acid.  ( 

The  compound  C102,  formed  at  the  same  time,  bears  the  name  of 

chlorine  dioxide  or  chlorine  peroxide,  and  appears  as  a yellow-brown 
eras  which  can  be  condensed  to  a similarly  coloured  liquid  at  a temper- 
ature under  10°.  Both  gas  and  liquid  are  extremely  exp 
can  be  shown  by  placing  on  the  bottom  of  a ivide-mouthed  bottle 
2 to  3 litres  capacity,  a small  dish  containing  some  potassium  chlorate 
and  allowing;  a few  drops  of  concentrated  sulphuric  acid  to  tall  on 
this  The  yellow  gas  is  evolved  with  a peculiar  crackling  sounc  u 
to  small  explosions.”  If  a warm  metal  rod,  the  temperature  of  which 
can  be  much  below  that  of  the  visible  red-heat,  be  introduced  som 
moments  later  into  the  gas,  this  decomposes  with  loud  detonation  in 

Chl°“e  1—  is  not  the  anhydride  of  any  definite  acid  but 
when  brought  in  contact  with  caustic  soda,  yields  sodium  chlorate 
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the  salt  of  a new  acid.  The  process  takes  place  in  accordance  with  the 
equation 

,2C102  + 2NaOH  = NaC10y  + NaC102  + H20. 


The  salt  NaClO.,  is  called  sodium  chlorite,  and  the  acid  chlorous  acid. 
It  is  little  known,  and  its  salts,  which  are  mostly  very  unstable,  have  as 
yet  found  no  application. 

What  position  the  chlorites  occupy  in  the  transformation  series 
and  order  of  stability  of  the  oxygen  compounds  of  chlorine,  is  not  yet 
known ; to  all  appearance  it  is  a fairly  high  one. 

* Thermochemical  Relations  of  the  Oxygen  Compounds  of 
Chlorine. — As  can  be  conjectured  from  the  explosive  jiroperties  of 
most  of  the  substances  of  this  group,  the  compounds  contain,  in  general, 
considerably  more  energy  than  the  elements,  and  therefore  decompose 
into  these  with  evolution  of  heat.  Even  if  the  differences  of  the  total 
energy  found  here  do  not  coincide  with  those  of  the  free  energy  (p.  208), 
still  the  two  agree  with  one  another  so  far,  both  with  regard  to  sign 
and  order  of  magnitude,  that  in  absence  of  a more  exact  knowledge  of 
the  latter,  the  former  may  be  taken  as  the  basis  of  our  considerations. 

Chlorine  monoxide  decomposes  with  evolution  of  heat  into  its 
elements,  and  must  therefore  absorb  heat  if  formed  from  them.  The 
equation  is : — 

2C12  + 02  = 2C1,0  - 2 x 74  Tcj. 


The  gas  dissolves  in  water  with  an  evolution  of  39  Tcj  ; the  formation  of 
a solution  of  hypochlorous  acid  from  water,  chlorine,  and  oxygen 
would  therefore  absorb  35  kj.  . Since  from  01,0,  2HOC1  are  formed, 
there  are  - 1 7 ‘5  kj  for  each  molecule,  and  we  have  the  equation 

2C1,  + 0,  + aq.  = 4H0C1  aq.  + 4 x - 1 7'5  kj. 

If,  however,  we  consider  the  formation  of  hypochlorous  acid  from 
chlorine,  oxygen,  and  hydrogen,  we  must  add  to  the  above  the  heat  of 
formation  of  water.  Adding  to  the  last  equation 

2H2  + 0,  = 2H20  + 2 x 286  kj 

and  dividing  by  2,  we  obtain 


Cl2  + 02  + H2  + aq.  = 2H0C1  aq.  + 2x125  kj. 

II  v ^ Case’  tllerefore>  tliere  is  a considerable  development  of  heat. 
5,  lor  this  reason  hypochlorous  acid  never  decomposes  into  chlorine 
f aiRi  hydrogen,  but  only  into  chlorine,  oxygen,  and  water. 

f,  from  the  equation  for  the  heat  of  formation  of  hydrochloric  acid 

Cl2  + H2  + aq.  = 2HC1  aq.  + 2 x 1 64  kj, 

;i  that  for  hypochlorous  acid  be  subtracted,  there  follows 
H0C1  aq.  = HC1  aq.  + 0 + 39  kj, 
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that  is  to  say,  when  hypochlorous  acid  decomposes  into  hydrochloric 
acid  and  oxygen,  39  kj  are  developed.  When,  therefore,  hypochlorous 
acid  acts  as  an  oxidising  agent,  the  heat  which  is  thereby  developed 
is  for  each  combining  weight  of  oxygen,  greater  by  39  kj  than  if 
tile  oxidation  took  place  with  free  oxygen.  Tins  would  suggest  that 
hypochlorous  acid,  quite  apart  from  its  greater  velocity  of  reaction, 
would  be  a stronger  oxidising  agent  than  free  oxygen,  and  that  it 
would  be  capable  of  oxidising  substances  not  oxidised  by  this.  . 

This  makes  us  return  to  the  point  mentioned  on  p.  207.  Since  the 
decomposition  of  hypochlorous  acid  into  oxygen  and  hydrochloric  acid 
takes  place  with  considerable  diminution  of  the  free  energy,  it  can  be 
used  for  the  purpose  of  preparing  oxides  which  could  be  formed  from 
oxygen  only  with  increase  of  the  free  energy,  and  which,  therefore, 
are  not  directly  formed  from  it.  Since  the  taking  up  of  oxygen  from 
the  hypochlorous  acid  by  the  substances  in  question  necessarily  takes 
place  simultaneously  with  the  decomposition  of  the  acid,  we  have  here 
the  “ coupling  ” Avhich  has  been  characterised  as  a presupposed  condi- 
tion in  using  the  free  energy  of  one  process  to  render  another  process 
possible  (p  203).  Thus,  for  example,  dilute  hydrochloric  acid  can  be 
easily  oxidised  to  chlorine  and  water  by  means  of  hypochlorous  acid 
(p.  206)  a process  which  is  not  possible  with  free  oxygen,  because  the 
reverse  formation  of  free  oxygen  from  chlorine  and  water  takes  place  • 

^ The  heat  of  formation  of  chloric  acid  is  given  by  the  following 

equations  . + 0,  + 3o2  + aq.  = 2HC103  aq.  + 2 x 100  kj, 

2C1,  + 50.2  + aq.  = 4HC103  aq.  -4x43  kj. 

From  this  we  obtain  the  heat  evolved  in  oxidation  by  means  of  chloric 

aCld  ' HC103  aq.  = HC1  aq.  + 30  + 64  kj. 

There  is  a heat  evolution,  therefore,  of  21  kj  for  each  combining  weight 
of  oxygen. ' This  number  is  considerably  smaller  than  in  the  case  0 
hypochlorous  acid,  which  is  in  agreement  with  the  smaller  oxidising 

power  of  chloric  acid. 

For  perchloric  acid,  the  corresponding  equations  are 

Hn  + Cl,  + 40.2  + aq.  = 2HC104  aq.  + 2 x 161  kj 
2 Cl,  + 70,  + aq.  = 4HC104  aq.  + 4 x 18  kj 
HC104  aq.  = HC1  aq.  + 40-3  kj. 

In  all  three  equations  the  greater  stability  and  feebler  oxidising  J 

notion  of  perchloric  acid  finds  expression. 

° The  Combining  Weight  of  Chlorine.-For  the  purpose  ot 
determining  the  combining  weight  of  chlorine  with  sufccrent  exactne*,- 
a somewhat  indirect  method  has  been  found  necessary.  First,| 
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potassium  chlorate  was  converted,  by  heating,  into  potassium  chloride 
i and  oxygen.  Calculating,  in  accordance  with  the  equation 

KC10,  = KC1  + 30, 


how  much  potassium  chloride  is  combined  with  3 x 16  = 48  parts  by 
weight  of  oxygen,  the  number  obtained  represents  the  combining  weight 
of  potassium  chloride  referred  to  oxygen  equal  to  16.  Since,  now,  every 
1: gram  of  potassium  chlorate  on  ignition  leaves  a residue  of  0-6085  gm., 
losing,  therefore,  0-3915  gm.  oxygen,  we  have  the  proportion 

KC1  : 48  = 0-6085  : 0-3915, 

which  gives  for  the  combining  weight  of  potassium  chloride,  KC1 
= 74-59. 

Next,  it  was  determined  how  much  silver  chloride  could  be 
obtained  from  a given  amount  of  potassium  chloride.  Since  one  com- 
bining weight  of  chlorine  is  contained  in  each  salt,  the  ratio  of  the 
weights  in  which  the  one  is  formed  from  the  other  is  also  equal  to  the 
ratio  of  their  combining  weights.  It  was  found  that  from  each  gram  of 
potassium  chloride,  D9224  gm.  silver  chloride  was  obtained.  Hence, 

AgCl : 74-59  = 1-9224  : 1, 

from  which  we  find,  AgCl=  143-39. 

Lastly,  a weighed  quantity  of  silver  was  converted  into  silver 
chloride.  Each  gram  of  silver  yielded  thereby  D3284  gm.  silver 
chloride,  taking  up,  therefore,  0-3284  gm.  chlorine.  Calculating  with 
the  aid  of  this  relation  how  much  chlorine  is  contained  in  one  combin- 
es weight  of  silver  chloride,  the  combining  weight  of  chlorine  is  found 
from  the  proportion 

Cl  : 143-39  = 0-3284  : 1*3284 

to  be,  Cl  = 35-45. 

Fiom  these  determinations,  we  can  further  obtain  the  combining 
weights  of  silver  and  potassium.  Subtracting  the  combining  weight 
of  chlorine  from  the  combining  weight  of  silver  chloride  which  was 
found  equal  to  143-39,  there  follows,  Ag=  107-94.  A similar  calcula- 
tion in  the  case  of  potassium  chloride  yields  K = KC1  - Cl  = 74-59 
- 35-45  = 39-14. 

The  reason  that  such  an  indirect  method  has  been  employed,  is  due 

' J°  tae  fact  that  the  Slmple  oxygen  compounds  of  chlorine  cannot,  on . 
iccount  of  their  unstable  nature,  be  prepared  sufficiently  pure  nor 
analysed  with  sufficient  exactness.  The  transformations  above  described 
jiowever,  can  be  performed  with  very  great  exactness,  and  this  is  the 
determining  reason  for  preferring  the  indirect  to  the  direct  method. 
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A.  Bromine 

General  —Bromine  is  an  element  which  closely  resembles  chlorine  ui 
JMts  rdations.  Discovered  by  Balard  in  1826  it  has  since  th  n 
f ri  tn  Up  indeed  verv  widely  distributed,  but  it  is  met  with 

d 

quantities  in  sea-water,  and  are  contained,  jWor^in  Ae  residues 

left  on  the  artificial  or  natural  evaporation  of  t is-  Germany  , 

which  are  obtained  by  the  latter  process  and  which  in  tern  j 
chiefly  occur  near  Stassfurt,  bromine  is  obtained  and  sent  into  the  I 

malt6t'  ■ P n dark  brown-red  liquid,  transparent  only  in  thin. 
Bromine  is  a claiit,  Drown  i l > (.Qi  and  eyen  at  room 

The  vapour  of  bromine  is  very  heavy.  If  a small  ' bromine  be  1 
bromine  be  broken,  or  if,  by  means  of  a pipette,  a p 
placed  at  the  bottom  of  a large,  empty  bot  tie,  .t  sways  j 

brown-yellow  vapour  pro  “^jeman  after  standing  undisturbed  i 
heavily  when  “ . y slowl  ascend  into  ; 

t trtTpl^eVeach  g^s  or  vapour  present  has  become  equal  | 

throughout  the  whole  space  (p.  93)  filied  with 

xrmSsrtt&v* >•  c"*”1  t 
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after  5 to  10  minutes.  This  appears  remarkable,  since  the  difference 
of  density  as  compared  with  hydrogen  is  much  greater  than  that 
i compared  with  air,  and,  therefore,  the  work  to  be  performed  against 
j gravity  is  also  greater.  That,  nevertheless,  bromine  vapour  and 
hydrogen  mix  more  quickly  is  duo  to  the  fact  that  diffusion  proceeds 
i more  rapidly  in  hydrogen  because,  in  this  case,  the  mutual  friction  of 
the  gases  is  less.  The  velocity  of  diffusion  obeys,  to  some  extent, 
though  by  no  means  exactly,  the  same  law  as  the  velocity  of  effusion 
(p.  95),  and  is,  in  the  case  of  hydrogen,  about  four  times  as  great 
as  in  air. 

From  determinations  of  the  density  of  bromine  vapour,  its  molar 
weight  has  been  found  to  be  ICO,  or  five  times  as  great  as  that  of 
oxygen.  Bromine  vapour  is,  therefore,  5 '5  times  as  heavy  as  air. 
Since  the  combining  weight  has  been  found  to  be  half  as  great  (the 
exact  figure  being  79'96),  the  composition  of  bromine  vapour  is 
represented  by  the  formula  Br2.  At  very  high  temperatures,  the 
- molar  weight  becomes  somewhat  less.  Since  similar  relations  are 
• found  and  have  been  more  fully  investigated  in  the  case  of  iodine,  we 
i shall  discuss  this  phenomenon  at  that  point. 

Bromine  dissolves  in  water,  forming  a yellow  to  brown  coloured 
I liquid,  which  possesses  the  smell  of  bromine  and  can  be  used  in  place 
of  pure  bromine  when  only  a small  quantity  of  the  substance  is 
i required.  The  solution,  saturated  at  room  temperature,  contains 
| about  3 per  cent  of  bromine.  If  the  water  contains  saline  com- 
pounds of  bromine  in  solution,  more  bromine  is  dissolved,  readily 
decomposable  compounds  of  bromine  being  formed  which,  in  most 
of  their  relations,  behave  like  free  bromine.  These  relations,  also, 

1 1 will  be  discussed  more  fully  under  iodine. 

From  the  aqueous  solution  of  bromine  (bromine  water)  there 
separates  out,  on  cooling,  a solid  hydrate  which  behaves  quite  similarly 
to  chlorine  hydrate  (p.  170). 

Hydrogen  Bromide.— With  hydrogen,  bromine  forms  a com- 
\ Pound>  HBr,  which  is  very  similar  to  hydrogen  chloride.  The  reaction 
.between  the  elements,  however,  is  not  nearly  so  vigorous  as  in  the 
case  of  chlorine.  If  bromine  vapour  be  mixed  with  hydrogen,  no 
i sudden  reaction  takes  place  either  on  passing  an  electric  spark  or  on 
’exposing  the  mixture  to  sun-light ; only  a partial  combination  of  the 
gases  occurs.  The  reaction  can  be  accelerated  by  employing  catalytic 
.agents,  and  for  this  purpose,  platinum  and  the  metals  like  it  have 
: been  found  to  be  specially  active.  If  a suitable  mixture  of  hydrogen 
and  bromine  vapour  be  passed  through  a gently  heated  tube  filled  with 
bnely  divided  platinum,  the  issuing  gases  contain  large  quantities  of 

} logen  bromide,  and,  by  suitable  arrangement,  the  reaction  is  practi- 
cally complete.  r 


Hydrogen  bromide  is  obtained  more  easily, 
more  suited  for  experimental  purposes,  by  the  ’ 


and  in  a manner 
simultaneous  action 
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of  bromine  and  phosphorus  on  water.  The  chemical  reaction  which 
here  takes  place  cannot  be  completely  explained  till  we  come  to 
phosphorus  ; suffice  it  to  indicate  that  a partition  of  the  elements  of 
water  results.  The  oxygen  combines  with  the  phosphorus  and  the 
hvdrogen  with  the  bromine.  Bromine  alone  is  not  able  to  decompose 
water  as  this  would  be  associated  with  an  increase  of  the  free  energy 
(u  “>08)  If  this  reaction,  however,  be  joined  with  another  in  which  a 

considerable  diminution  of  the  free  energy  occurs,  so  that  over  the  whole 
t ■ j.-  _ onm-mr  -t-.Vip.  yp.aotinn  becomes 


process  there  is  a cnminqiauu  m ~ 

possible  The  auxiliary  process  in  this  case  is  the  combination  of 
oxygen  with  phosphorus  which,  as  we  know  (p.  63),  is  accompanied 

by  the  liberation  of  large  quantities  of  energy. 

The  experiment  is  carried  out  as  follows.  Red  phosphorus  along 
with  some  water  is  placed  in  a small  flask  through  the  cork  of  which 

pass  a dropping  - funnel  containing 

bromine,  and  a delivery  tube  (Fig.  73). 

To  this  is  connected  a U-tube  filled 
with  moistened  red  phosphorus  spread 
out  on  pieces  of  glass.  The  purpose 
of  this  is  to  convert  any  bromine 
vapour  which  may  escape  from  the 
flask  also  into  hydrogen  bromide.  On 
allowing  the  bromine  to  drop  slow  ly 
into  the  flask,  a violent  reaction,  ac- 
companied by  flashes  of  light,  takes 
and  from  the  end  of  the  U-tube  a colourless  gas  escapes  which 
forms  dense  fumes  in  the  air  and  is  absorbed  with  extreme  readiness 
bv  water  It  thus  behaves  very  similarly  to  hydrogen  chloride. 

The  gas  cannot  be  collected  satisfactorily  over  mercury,  since  it  is 
decomposed  by  this  metal,  mercury  bromide  and  hydrogen  lei  g. 
formed  - still  the  reaction  does  not  proceed  rapidly.  On  account  of 
ts  great  density  it  can  be  collected,  like  chlorine,  by  displacement  o 
the^ir  In  this  case  the  appearance  of  a thick  mist  at  the  mouth  is 

flap  that  the  vessel  is  full.  _ , 

The  molar  weight  of  hydrogen  bromide  is  81,  corresponding 
formula  HBr.  The  gas  shows  noticeable  deviations  from  the  simp 

laWBy  pressure  and  cold,  hydrogen  bromide  can  be  courted  into  a 
liquid  which  boils  at  - 73°  and,  like  liquid  hydrogen  chloride,  has  J. 

a Bromide. — An  aqueous  solution  Of 

hydrogen  bromide  can  be  obtained  by  connecting  to  the . genera 

nrmaratus  (Fi"  73)  the  arrangement  descnbed  on  P- 
apparatus  G.ig  ) solution,  saturated  at  0°,  contains  SO  per 

ZSBte'tas****** 
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much,  anti  the  48  per  cent  solution  is  in  the  same  condition  as  the  20 
per  cent  solution  of  hydrogen  chloride ; it  distils  over  with  unchanged 
composition.  The  relations  described  in  the  case  of  hydrogen  chloride 
(p.  182)  are  repeated  quite  similarly  in  the  case  of  hydrogen  bromide, 
so  that  they  need  not  be  again  described. 

The  characteristic  reactions  of  acids  are  displayed  in  the  same  way 
by  hydrogen  bromide  as  by  hydrogen  chloride,  so  that  equivalent 
solutions  of  the  two  acids  behave  almost  identically,  not  only  quali- 
tatively but  also  quantitatively.  Hydrobromic  acid,  therefore,  belongs 
to  the  strongest  acids,  and  even  in  moderately  dilute  solutions  is 
largely  dissociated  into  its  ions. 

Hydrobromic  acid  acts  on  the  metals  in  the  same  way  as  hydro- 
chloric acid  : hydrogen  is  evolved  and  the  bromides  of  the  metals  are 
formed.  These  are  identical  with  the  compounds  which  are  obtained 
by  the  action  of  the  hydroxides  of  the  same  metals  on  hydrobromic 
, acid,  water  being  simultaneously  formed,  and  with  those  obtained  by 
the  direct  action  of  bromine  on  the  respective  metals, 
j In  the  latter  case  the  action  is,  in  general,  not  so  energetic  as  in 
the  case  of  chlorine,  but  the  difference  is  not  very  great.  An  idea  of 
i this  is  obtained  by  introducing  a piece  of  thin  rolled  metallic  tin 
s (tinfoil),  such  as  is  used  for  wrapping  up  chocolate  and  such  things, 

: into  liquid  bromine  contained  in  a test-tube.  The  two  elements' 
•immediately  combine  with  the  production  of  a dark  red  flame  and 
the  evolution  of  thick  vapours.  On  account  of  the  poisonous  pro- 
perties of  these,  the  experiment  must  be  carried  out  in  a fume 
chamber  with  good  draught. 

The  aqueous  solutions  of  hydrobromic  acid  and  of  most  of  the 
metallic  bromides  contain  bromine  in  the  ionic  condition.  In  this 
form  it  exhibits  the  general  properties  of  ions  of  electrolytic  conduc- 
tivity, and  the  numerical  values  of  this  generally  agree  very  closely 
mth  those  of  the  equivalent  chlorides.  A reaction  with  silver 
i!  solutions  is  also  given,  and  the  precipitate  of  silver  bromide  which 
iis  produced  by  silver  salts  in  all  solutions  containing  bromidion  is 
'.  very  similar  to  silver  chloride  in  appearance,  but  is  of  a yellowish 
; colour  and  is  much  less  soluble  than  silver  chloride.  The  reactions 

r^Gans  °£  ,whlch  the  two  substances  can  be  distinguished  from  one 
i mother  will  be  given  under  silver. 

L ,When  chlorine  is  passed  into  solutions  containing  bromidion,  an 
CTge  0 .conditions  takes  place : the  chlorine  passes  into  chloridion 
lnt0  bromine-  this  reason,  all  such  solutions  on 

™ n °nUe  Water  b6COme  yelIow  in  colour>  and  since  this 

fcromte°\1S  qUlte  V1Slble  6Ven  with  a veiT  sma11  concentration  of 
‘ W .hi  serves  as  a means  of  identification  or  reagent  for  bromidion. 
Ipnce  chloridion  cannot,  of  course,  react  with  chlorine,  this  reagent 

or  thc°i  ?fied  t0  dlstinSulsb  between  bromidion  and  chloridion,  and 
or  the  identification  of  the  former  in  presence  of  the  latter. 
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Employing  a dash  to  indicate  the  ions,  as  mentioned  on  p.  199, 
the  reaction  in  question  would  be  written, 


2Br'  + CL  = 2 Cl'  + Bi 


2* 


No  bromidion,  of  course,  can  be  present  in  solution  unless  an 
eouivln  amount  of  some  cation  be  also  present;  the  latter,  however, 
Z part  in  the  process,  which  takes  place  in  the  same  way  whaU 

tSrtused  for  the  preparation  of  bromine  from  the 
,j  • ,vv,ioh  bromine  compounds  occur  naturally,  more  especially 
frorn^  thT  mother  liquors  obtained  in  the  working  up  of  the  potassium 
r a t Sussfurt  (p  53).  All  these  salt  solutions  contain  the  bromine 

prodrvnoidsot  rSe-ttrs  * • 

solu^fst^^^ 

r— - 

chlorine,  for  it  takes  place  according  to  the  equation 


2NaOH  + Br2  = NaBr  + NaOBr  + H20. 


„ srcawtr  ■ : ! 

acid.  S-  . especially  when  an  excess  of  bromine  is  ■ 

On  standing  some  time,  fo-omafe  along . 

present,  the  solution  passes  into  one  “n»tter=to  ^ a soM„„  „f 

^Ltrlydroxide1  'bn* adding' -| 

. ww  ■“»'  “ ■ 


6KOH  + 3Brs  = 5KBr  + KBrOs  + 3H.0. 


. , • „ -j  uRrO  can  be  obtained  in  aqueous. 

From  this  salt  bromic  f d'  ™'^d  was  obuilied  from  chlorate, 
solution  in  the  same  way  as  chloric  acm 
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y It  is  very  similar  to  chloric  acid,  only  still  more  easily  decomposed. 
It  is  not  known  in  the  anhydrous  condition. 

A perbromic  acid  has  not  yet  been  prepared,  and  no  oxygen 
compound  of  bromine  is  known  corresponding  to  chlorine  monoxide 
and  chlorine  dioxide.  In  general,  the  compounds  of  bromine  contain- 
ing oxygen  decompose  more  easily  than  the  corresponding  chlorine 
■ compounds. 

The  combining  weight  of  bromine  has  been  determined  in  a manner 
similar  to  that  used  for  chlorine.  It  amounts  to  79-96,  or  almost 
exactly  80.  The  deviation  from  the  round  number,  however,  is  not 
due  to  experimental  error,  but  has  been  proved  beyond  doubt. 


B.  Iodine 


General. — Iodine  is  allied  to  chlorine  and  bromine,  and  forms  a 
third  similar  element.  Of  the  three,  it  has  the  highest  combining 
weight,  amounting  to  126’86,  and  its  properties  show  deviations  from 
those  of  bromine  chiefly  in  the  same  direction  as  those  of  bromine 
deviate  from  chlorine. 

At  ordinary  temperatures,  iodine  is  a solid,  crystalline  substance 
of  a purple-black  colour  with  an  indication  of  metallic  lustre.  Its 
density  is  5.  At  114°  it  melts  to  a deep  brown  liquid.  Even  at 
ordinary  temperatures  it  emits  some  vapour,  which  can  easily  be 
recognised  by  its  reddish -purple  colour  when  a little  iodine  is  con- 
tained in  a fairly  large  vessel.  Iodine,  however,  does  not  boil 
till  184°. 


i 


Iodine  vapour  is  of  a fine  violet  colour.  For  the  purpose  of 
observing  this  colour  and  at  the  same  time  also  the  great  density  of 
iodine  vapour,  a large,  round-bottomed  flask  is  strongly  heated  in  a 
large  flame,  being  kept  diligently  turned  the  while,  and  a few  crystals 
of  iodine  are  then  thrown  into  the  hot  flask.  The  iodine  is  at  once 
converted  into  a vapour  of  a dark  violet  colour,  which  remains  at  the 
bottom  and  which,  when  the  vessel  is  moved,  shows  itself  in  a hio-h 
degree  subject  to  the  force  of  gravity. 

. ^he  density  of  iodine  vapour  is  very  considerable,  being  about 
nine  times  as  great  as  that  of  air.  The  molar  weight  is  254  and  the 
vapour  has,  therefore,  the  formula  I2.  An  account  of  its  behaviour  at 
higher  temperatures  will  be  given  presently. 

In  water,  iodine  is  only  sparingly  soluble,  but  still  sufficiently  for 
the  brown  colour  with  which  it  passes  into  solution  to  be  detected  in 
tairly  thick  layers.  If  a salt-like  iodide  is  present  in  the  water,  much 
larger  quantities  are  dissolved  with  a brown  colour.  This  is  due  to  the 
ormation  of  an  ion  I3',  as  will  be  immediately  discussed. 

n other  liquids,  iodine  is  generally  more  soluble.  In  spirit  of 
wine  it  dissolves  with  a brown  colour  similar  to  that  of  the  aqueous 
io  de  solutions.  This  solution  is  used  in  medicine,  and  is  called 
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tincture  of  iodine.  Other  solvents,  such  as  carbon  disulphide  and 
chloroform,  dissolve  it  with  a fine  violet  colour  similar  to  that  of 
the  vapour  On  what  these  differences  of  colour  depend  is  as  yet 
unknown,  but  it  appears  that  in  the  brown  solutions  easily  decom- 
posable compounds  are  formed  between  iodine  and  the  sol  ven. 

If  an  aqueous  solution  of  iodine  is  shaken  with  carbon  disulphide, 
the  colour  of  the  iodine  disappears  from  the  aqueous  solution,  and  the 

carbon  disulphide  is  coloured  purple.  The  Mne,  “e, 
water  in  order  to  dissolve  in  the  carbon  disulphide  This  is  an 
example  of  a general  phenomenon  which  is  subject  to  definite  lavs 
The  Law  of  Distribution— If  to  two  liquids  A and  B,  which  <ne 
not  (or  rather,  are  only  slightly)  miscible  with  one  another,  a substance 
be  added  which  is  soluble  in  both,  this  substance  will  in  general,  dis- 
solve in  both  liquids  and  a state  of  equilibrium  will  be  established 
This  state  is  determined  by  the  law  that  the  substance  « distributed 
between  the  two  solvents  in  such  a way  that  the  ratio  of  its  concenh  ation  m 

is  independent  of  the  amounts  of  the  two  solvents, 
and  of  the  absolute  concentration,  at  least  within  definite  limits, 
and  depends  only  on  the  nature  of  the  three  substances  and  on 

‘'Tof  example,  iodine  is  distributed  between  water  and  carbon  , 
disulphide  in  the  ratio  1 : 600.  If,  then,  any  quantities  whatever -of 

water  iodine  and  carbon  disulphide  are  shaken  together  and  the  two  , 
solutions  then  investigated,  there  will  be  found  m each  cubic  centi- 
metre of  the  carbon  disulphide  solution,  600  times  as  much  10dm 

in  1 cc.  of  the  aqueous  solution.  , • • rarv,on 

As  is  evident  from  these  numbers,  the  concenti ation  ■ 

As  is  euae  water  - for  this  reason,  also, 

carbon  d’sdph.de  ^ ^ pres6nt  in  the  elementary- 

violet  colour  disappeais  and  , iodine  but  has, 

mixtre“;ken,Wthe  c“ta  disulphide  again  becomes  violet  to 
colour 


disulphide  is  a compound  ot  «>pl,™  and  crbon,  and  forms  . 

COl°"  The  SfoM^Ucb0  toke  place  of  a 

bromine  with  caustic  soda,  and  the  reader  is,  therefore, 
them  given  previously  (p.  204). 
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Iodine  Vapour.— It  has  already  been  mentioned  that  the  vapour 
of  iodine  has  the  molar  weight  254.  This  value  holds  for  tempera- 
tures above  the  boiling  point  up  to  about  500°.  If  the  temperature 
be  raised  still  higher,  the  iodine  vapour  expands  more  than  a normal 
gas,  and  its  molar  weight,  therefore,  becomes  smaller.  The  deviation 
becomes  all  the  greater  the  higher  the  temperature  is  allowed  to 
rise.  At  1500°,  finally,  the  half  value  is  reached,  and  a further 
elevation  of  the  temperature  has  no  longer  any  effect. 

This  statement  is  true  oidy  when  the  pressure  is  equal  to  one 

I atmosphere.  If  it  is  less,  too  small  densities  are  found  even  at  lower 
temperatures,  and  the  half  value  is  sooner  reached.  At  temperatures 
above  this,  however,  the  molar  weight  again  remains  constant.  These 
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relations  are  made  clear  in  Fig.  74.  The  molar  weights  are  measured 
downwards,  and  the  temperatures  to  the  right.  The  numbers  placed 
beside  the  curves  give  the  pressures. 

The  above  facts  show  that  when  iodine  vapour  is  heated,  a 
transformation  of  the  vapour  I2  into  I takes  place,  according  to  the 
f equation  I2  = 21.  Such  a decomposition  of  one  substance  into  simpler 
substances  is  called  dissociation.  From  the  fact  that  the  decomposition 
increases  with  rise  of  temperature,  it  is  to  be  concluded  that  heat  is 
: absorbed  in  the  process,  in  accordance  with  the  repeatedly  expressed 
general  principle  of  resistance  to  change.  Since  the  second  form 
* under  the  same  pressure,  occupy  double  the  volume  of  the  first, 

1 and,  therefore,  if  the  volume  is  the  same,  would  exert  twice  the  pressure, 

■ e transformation  of  I2  into  21  would,  at  constant  volume,  cause  an 
increase  of  the  pressure.  From  this  fact  it  can  be  concluded,  on  the 
f ground  of  the  same  general  principle,  that  the  decomposition  will  be 
promoted  by  diminution  of  pressure,  since  the  decomposition  opposes 

ne  latter  This  conclusion  is  borne  out  by  the  experiments  repre- 
> sented  in  Fig.  74.  r 
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Compared  with  I2,  the  substance  I must  be  regarded  as  a new 
substance  with  different  properties.  Owing  to  the  difficulty  of  investi- 
gation at  such  high  temperatures,  it  has  hitherto  been  impossible  to 
determine  these  differences  quantitatively.  It  has,  however,  been 
stated  that  a change  in  the  colour  of  the  vapour  has  been  observed. 

Starch  Iodide. — Elementary  iodine  in  the  pure  state,  whether  as 
vapour  or  in  solution,  is,  even  of  itself,  distinguished  by  its  strong 
colour.  Still  smaller  quantities  than  can  be  detected  by  the  colour 
of  the  free  iodine  can  be  detected  by  the  colour  of  a remarkable 

compound  which  iodine  forms  with  starch. 

Starch  is  an  organic  substance  (that  is,  a substance  containing 
carbon)  composed  of  carbon,  hydrogen,  and  oxygen,  which  occurs 
very  widely  distributed  in  plants,  collected  chiefly  in  the  seeds  or 
the  equivalent  portions  of  the  vegetable  organism.  It  is  prepared 
mostly  from  potatoes  and  from  wheat,  and  is  obtained  in  the  form 
of  a white  powder  which  is  insoluble  in  cold  water,  but  in  hot  water 
swells  up  to  a gelatinous  mass.  If  much  water  be  taken,  say,  a 
hundred  times  as  much  as  the  weight  of  the  starch,  a liquid  J 
obtained  which  can  be  filtered  hot  from  the  undissolved  cell-walls, 
and  which  then  appears  clear  and  remains  liquid. 

This  solution  of  starch,  now,  has  the  property  of  yielding  a fine 
blue  colour  with  free  iodine.  This  coloration  is  exceeding  y s ™ng. 
The  very  feebly  brownish  coloured  solution  obtained  by  shaking  iodine 
with  water,  becomes  of  a dark  blue  colour  with  starch  solutum  and 
liquids  somewhat  richer  in  iodine  are  rendered  opaque.  The  com- 
pound which  is  here  formed  contains  the  iodine  only  veiy  feeb  y 
united  • it  reacts  in  almost  every  respect  like  free  iodine,  and  1 
is  therefore  employed  in  many  chemical  reactions  in  which  iodine 
produced  or  used  up,  as  an  indicator  for  the  first  or  for  the  last 

traCH  a Son  of  starch  iodide,  as  the  blue  substance Js  called 
is  warmed  it  becomes  colourless  at  a temperature  a little  below 
the  boMng  point,  exhibiting  only  the  feebly  brownish  colour  o 
Mine  On  cooling,  the  blue  colour  again  appears,  showing  that 
the  compound  is  again  formed  from  its  components 

* This  experiment  can  be  rendered  very  deal  if  only  the  Iowa 
portion  of  the  colourless  solution,  obtained  by  heating  m a test-tub^ 
hi  cooled  by  partially  immersing  the  tube  ,n  cold  water  Only  ttas 
portion  will  then  become  blue,  and  as  the  cooled  liquid  is  th  l'« 
fill W heavier  it  will  remain  undisturbed  at  the  bottom  and  the 
transition  is  fairly  abrupt.  In  proportion  as  the  solution  coo  s, 

M“ VhtdoCh— 'a  sTrlTflr  the  detection  both  of  iodine  and 

°£  hyCIunUc  to  form  hydriodic 

acid  wMchghas  the  formula  HI  in  accordance  with  the  density  1.0. 


XI 
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,1  Like  the  other  halogen  hydracids,  it  is,  at  ordinary  temperatures,  a 
i colourless  gas.  Its  liquefaction,  however,  under  atmospheric  pressure, 
j:  takes  place  even  at  - 34°. 

The  union  of  the  two  elements  is  still  less  stable  than  in  the  case 
[ of  hydrogen  bromide.  If  a mixture  of  hydrogen  and  iodine  vapour  in 
[i  equal  volumes  be  heated,  only  a portion  of  the  mixture  combines  to 
; ; form  hydrogen  iodide,  the  other  portion  remaining  uncombined.  This 
c proportion,  also,  is  not  altered  by  adding  pldtinum  sponge ; the  final, 
v invariable  state  will  only  be  very  much  more  quickly  reached.  This 
i point  varies  somewhat  with  the  temperature;  at  520°,  76  per  cent  of 
• the  mixture  combines. 

Conversely,  already  formed  hydrogen  iodide,  when  heated,  partially 
|d  decomposes  into  iodine  and  hydrogen,  the  mixture  finally  having, 

(indeed,  exactly  the  same  composition  as  before.  In  this  case  the 
presence  of  platinum  sponge  accelerates  the  decomposition  just  as  in 
the  former  case  it  accelerated  the  combination,  in  conformity  with  the 
general  law  of  catalytic  acceleration. 

In  accordance  with  the  formula 

H2  + I2  = 2HI, 

two  volumes  of  the  compound  are  produced  from  two  volumes  of  the 
mixed  gases  ; the  reaction,  therefore,  takes  place  without  change  of 
: volume.  Now,  we  have  just  seen  (p.  231)  that  a diminution  of  the 
: pressure  promotes  that  reaction  which,  at  constant  volume,  would  be 
c accompanied  by  increase  of  pressure.  On  attempting  to  apply  this 
' rule  here,  the  difficulty  arises  that  neither  of  the  two  possible  reactions — 
neither  the  formation  nor  the  decomposition  of  hydrogen  iodide — would 
icause  an  increase  of  pressure.  The  conclusion  to  be  drawn  from  this 
;is  that  in  this  case  change  of  pressure  has  no  influence  on  the  chemical 
equilibrium.  This  conclusion  has  been  confirmed  by  experiment. 

This  case  can  be  generalised,  and  we  can  enunciate  the  rule  : If 
definite  states  are  not  altered  by  given  processes,  a change  in  these  states  has, 
k conversely,  no  influence  on  the  processes.  With  the  help  of  this  rule, 

; conclusions  can  sometimes  be  drawn  which  are  as  surprising  as  the 
; rule  is  simple. 

Hydrogen  iodide  can  be  prepared,  similarly  to  hydrogen  bromide, 
by  means  of  phosphorus  and  water,  as  well  as  by  heating  iodine  and 
uhydrogen  in  the  presence  of  platinum.  The  reaction  is  in  this  case 
Ttnuch  less  violent.  Red  phosphorus,  water,  and  iodine  can  be  mixed 
p m the  order  given,  in  the  proportions  1 : 4 : 15,  without  any  consider- 
i ne  reaction  taking  place ; on  heating,  hydrogen  iodide  is  then  evolved, 

|r.  cau  be  collected  without  difficulty  by  displacement,  as  it  is  four 
) ;imes  heavier  than  air. 

ft  On  account  of  the  readiness  -with  which  it  decomposes,  almost  all 
By  stances  which  combine  with  hydrogen  act  on  hydrogen  iodide.  If 
J e heavy  gas  be  poured  into  a cylinder  containing  chlorine,  a flame 
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appears  and  the  cylinder  is  filled  with  the  violet  vapour  of  iodine; 
hydrogen  chloride  being  formed  at  the  same  time.  Mixed  with 
oxygen  or  air  and  ignited,  hydrogen  iodide  burns,  iodine  separating 
out  and  water  being  formed.  Hydrogen  iodide  acts  similarly  or, 
numerous  other  substances,  so  that  it  can  be  employed  in  many  case* 
for  the  introduction  of  hydrogen  into  other  substances.  It  may  alsr 
be  successfully  used  for  the  removal  of  oxygen  from  compounds,  tin 
oxygen  combining  with  the  hydrogen  of  the  hydrogen  iodide  tc 
form  water.  In  this  case  the  addition  of  phosphorus  is  useful  ii 
order  to  regenerate  hydriodic  acid  from  the  iodine  and  watei  formed. 

Hydrogen  Iodide  and  Water.— From  the  mere  fact  tha 
hydrogen  iodide  fumes  strongly  in  air,  it  can  be  concluded  tha 
it  wilf  behave  towards  water  in  exactly  the  same  way  as  the  othe: 
halogen  hydracids.  As  a matter  of  fact,  it  dissolves  very  abundantly 
in  water.  The  solution  saturated  at  0°  has  a density  of  nearly  2,  am 
contains  about  90  per  cent  of  hydrogen  iodide.  The  “constant 
solution  contains  57  per  cent  of  hydrogen  iodide  and  boils  at  126  . 

The  aqueous  solution  of  hydrogen  iodide  shows  the  genera 
properties  of  acids  in  exactly  the  same  degree  as  the  two  othe 
halogen  hydracids ; it  is  dissociated  to  the  same  extent  into  ion*i 
and  'its  action  as  an  acid  is,  in  consequence,  not  more  feeble  tha* 
that  of  the  other  acids.  The  strength  of  the  acid , i.e.  its  aei- 
character,  is  by  no  means  dependent  on  the  stability  of  the  compounc 
itself,  but  only  on  the  degree  of  ion  formation.  On  account  of  th' 
lower  volatility  of  aqueous  hydriodic  acid  as  compared  with  the  tw 
other  acids,  hydriodic  acid  can  even  decompose  the  salts  of  these- 
when  sodium  chloride  is  evaporated  with  hydriodic  acid,  sodium  lodid 
is  left  behind,  in  accordance  with  the  equation  NaCl  + HI  - Nai  + 

The  reaction  has  to  be  explained  in  the  manner  set  forth  on  p. _ 5 

according  to  which  the  most  volatile  of  the  possible  compounds,  l 
this  case  hydrochloric  acid,  escapes  and  makes  it  possible  tor  ? 

reaction  to  proceed.  otQT1j  a 

On  allowing  an  aqueous  solution  of  hydrogen  iodide  to  stand  i. 

the  air,  it  speedily  turns  brown,  and  in  course  of  time  the  hydio 
iodide  disappears  and  solid  iodine  separates  out  m crystal* 
This  change  takes  place  in  accordance  with  the  equation  ' 

2H.  0 + 2I9,  i.e.  the  hydrogen  iodide  is  oxidised  by  the  oxygen 
air  and  pises  into  water  and  iodine.  The  liberated  mdme atta 
remains  dissolved  in  the  liquid,  but  m proportion  as  the  hvdro^. 
iodide  disappears,  the  solvent  power  also  diminishes  and  the  io« 

separates  out  in  the  solid  state.  . , , , • p]u 

The  question  must  arise  why  the  iodine  is  soluble  m d> » 

hydriodic  add  while  it  is  almost  insoluble  in  pure  water 

acids,  such  as  dilute  hydrochloric  acid,  do  not  dissolve  it  to  a grea 

extent  than  water.  . . _nTnV>ine  mu' 

The  answer  to  this  question  is  that  the  iodine  can 


s; 
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he  iodidion  of  the  hydriodic  acid  to  form  the  ion  I./,  which  is  coloured 
K-own.  The  combination  does  not  take  place  completely,  about  half 
f the  iodidion  remaining  uncombined.  Hence,  about  as  much  free 
| hdine  dissolves  in  the  solution  of  dilute  hydriodic  acid  as  there  is 
gbdine  already  present  in  the  form  of  iodidion.  In  more  concen- 
i;  rated  solutions,  however,  the  solubility  of  the  iodine  is  considerably 
• reater. 

From  what  has  been  said,  it  follows  that  iodine  must  dissolve 
the  same  extent  in  the  solutions  of  all  metallic  iodides  capable 
i f forming  iodidion.  This  has  been  found  by  experiment  to  be 
le  case. 

These  considerations  can  be  generalised.  When  in  dilute  solutions 
v ie  solubility  of  a substance  is  increased  by  the  addition  of  another 
la  abstance,  this  is  to  be  explained  by  the  conversion  of  the  solute  into 
■Inother  compound,  to  an  extent  corresponding  to  the  increase  of  the 
' dubility,  by  the  substance  added.  So  much  passes  into  solution  that 
v.  le  uncombined  portion  amounts  to  about  as  much  as  it  would  do  in 
: ie  pure  solvent;  the  excess  is  in  a state  of  combination. 

The  fact  that  this  rule  has  been  expressed  only  for  dilute  solu- 
i ons  is  conditioned  by  the  circumstance  that  larger  additions  alter 
6i  ie  nature  of  the  solvent  and  thereby  influence  the  solubility.  An 
r cample  of  this  is  to  be  found  just  in  the  case  of  iodine,  which  is 
iv  ^solved  by  concentrated  solutions  of  hydriodic  acid  and  of  iodides, 
much  larger  quantities  than  it  ought  to  be  according  to  the  above 
s;  -.use  alone. 

In  the  brown  solutions  of  iodine  in  iodides,  therefore,  only  a small 
cortion  of  the  iodine  can  be  regarded  as  existing  in  the  free  state, 

/ imely,  an  amount  not  greater  than  is  dissolved  by  water  (p.  229). 
i 111,  the  solutions  mostly  behave  as  if  all  the  iodine  dissolved  were 
■se.  This  is  due  to  the  fact  that  in  proportion  as  the  free  iodine  is 
e -moved  by  any  reaction,  fresh  iodine  is  formed  by  a splitting  up  of 
a e ion  I3'  into  I'  + I2.  This  process  takes  place  so  quickly  that  there 
at  no  time  a complete  absence  of  free  iodine  so  long  as  any 
> iiodidion,  I3',  is  still  present. 

It  can  be  seen  that  the  iodine  is  indeed  combined  and  not  free,  by 
: iaking  a solution  of  iodine  in  carbon  disulphide  with  a large  quantity 
:!  hydriodic  acid  or  potassium  iodide  solution.  Although  no  appreci- 
| le  amount  of  iodine  can  be  removed  from  this  solution  by  pure  water 
R-  230),  the  violet  colour  in  this  case  for  the  greater  part  disappears, 

d the  iodine  passes  into  the  aqueous  solution  with  a brown 

lour. 

Oxygen  Compounds  of  Iodine. — On  dissolving  iodine  in  caustic 
f ja  solution,  sodium  liypoiodite  is  first  formed  in  accordance  with  the 
If1®  scheme  as  in.the  case  of  the  other  halogens.  This  compound 
[ owever,  exceedingly  unstable,  and  in  a few  moments  undergoes 
i ^formation  with  formation  of  sodium  iodate  and  sodium  iodide. 


236 


PRINCIPLES  OF  INORGANIC  CHEMISTRY  chap. 


Hypoiodous  acid,  therefore,  cannot  be  prepared  even  in  the  condition  J 
of  a dilute  solution,  but  has  been  observed  only  in  its  salts. 

From  the  fact  that  the  solution  produced  by  the  action  of  iodine 
on  caustic  soda  has  different  properties  at  first  from  what  it  has  later, 
it  follows  that  something  is  formed  other  than  the  iodide  and  iodate, 
which  are  obtained  by  crystallisation  from  the  solution.  More 
especially,  the  freshly  prepared  solution  gives  a separation  of  iodine - 
even  with  the  weakest  acids,  while  later  it  becomes  much  more 
resistant  to  this  action  and  the  iodine  separates  out  much  more 

The  first  stage  of  the  action  must,  therefore,  be  formulated  thus  : 


and  the  second 


2NaOH  + I2  = NaOI  + Nal  + H20, 
3NaOI  = 2NaI  + NaI03. 


The  iodic  acid , from  which  the  salt  NaIOs  is  derived,  is  a veryil 
stable  substance  and  can  be  obtained  in  various  ways.  Thus  iodine ■} 
is  converted  directly  into  iodic  acid,  HI03,  by  the  action  of  moisfej 
ozone.  Other  strong  oxidising  agents  likewise  form  iodic  acid  from* 
iodine ; for  this  purpose  nitric  acid  is  mostly  used.  The  reac  10m 
which  takes  place  here  cannot  be  thoroughly  understood  until  later  j 

(ChTheXs^)’of  iodic  acid,  or  the  Mates , are  formed  still  more  easily. 
If  a solution  of  potassium  chlorate  is  slightly  acidified  and  warmedi 
with  iodine,  potassium  iodate,  iodic  acid,  and  hydrochloric  acid  arej 

formed — 

lOKClOg  + 6I2  + 6H20  = 10KIO3  + 2HI03  + 10HC1. 

The  iodic  acid  can  be  obtained  from  the  liquid  by  adding  a bariumj 
salt  • difficultly  soluble  barium  iodate  then  crystallises  out  and  can  bet 
decomposed  with  sulphuric  acid.  The  aqueous  solution  of  iodic  acicd 
thus  obtained  can  be  evaporated  without  decomposition.  -J 

Iodic  acid  crystallises  from  the  concentrated  aqueous  solution  . 
lustrous  crystals,  which  have  the  composition  HI03,  dissolve  rauh  7 M 
water  and  impart  to  this  the  reactions  of  a strong  acid.  In  fact,  lodi 
acid  is  only  slightly  weaker  than  the  halogen  hydracids,  which  are 

strongest Jmoivn^eating,  acid  ]oses  the  dements  of  water  and 

passes  into  a white,  heavy  powder,  iodine  pentoxide— 

2HI03  = I205  + H2°- 

This  oxide  also  dissolves  in  water,  but  is  thereby  transformed  a 

once  into  the  acid,  combining  again  with  the  e J"^Xoses  int, 
If  the  oxide  be  still  more  strongly  heated  it  decompob  j 
oxygen  and  iodine,  which  is  recognised  by  its  violet  colour. 
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If  iodic  acid  and  liydriodic  acid  be  brought  together,  they  speedily 
act  on  one  another,  Avith  formation  of  A\rater  and  iodine — 

H',  10/  + 5H',  I'  = 3H.20  + 3I2. 

This  reaction  docs  not  occur  on  bringing  potassium  iodide  and 
iodate  together,  since  the  hydrion  necessary  for  the  formation  of 
water  is  Avanting.  Tf  this,  hoAvever,  be  added  in  the  form  of  some 
acid,  iodine  immediately  separates  out.  This  reaction  can  be  used  as 
a sensitive  indicator  for  the  presence  of  acid  hydrogen,  i.e.  of  hydrion. 
In  the  case  of  strong  acids  or  high  concentration  of  hydrion,  the 
reaction  proceeds  so  rapidly  that  the  various  steps  cannot  be  folloAved; 
with  very  Aveak  acids,  however,  it  can  be  seen  that  the  reaction  is  not 
complete  in  a moment,  but  that  it  requires  time. 

Periodic  Acid. — If  sodium  iodate  be  subjected  to  the  action  of 
specially  energetic  oxidising  agents,  it  takes  up  a further  combining 
Aveight  of  oxygen  and  passes  into  the  salt  of  periodic  acid.  The 
| periodic  acid  corresponds  to  a certain  extent  to  perchloric  acid,  but 
differs  from  it  by  the  fact  that  in  the  pure  state  it  is  a solid  substance, 

; the  composition  of  Avhich  is  not  represented  by  HI04  but  by  the 
: formula  H^IO^,  containing  the  elements  of  two  combining  Aveights  of 
i Avater  more.  On  careful  heating,  periodic  acid  also  loses  water  and 
forms  an  anhydride  I20T ; Avhether  an  intermediate  substance  of  the 
l composition  HI04  can  be  obtained  has  not  yet  been  established. 

The  behaviour  of  periodic  acid  toAvards  bases  is  different  from  that 
of  the  acids  hitherto  discussed.  Besides  the  salts  of  the  formula  MI04, 
corresponding  to  the  salts  of  perchloric  acid,  periodic  acid  forms  salts 
Avith  three  and  five  combining  Aveights  of  metal.  The  formulae  of  these 
I are  obtained  by  imagining  one  or  tAvo  molecules  of  water  added  to 
the  formula  HI04,  and  the  hydrogen  of  the  compound  thus  formed 
replaced  by  metal.  In  other  Avords,  there  exist  besides  the  acid 
? HI04,  also  the  acids  H3I05  and  H5I06.  Acids  such  as  these  Avhich 
contain  several  combining  Aveights  of  hydrogen  replaceable  by  metals, 
are  called  polybasic  acids.  We  shall  discuss  the  relations  of  these 
> acids  later,  Avith  the  help  of  a simpler  and  better  knoAvn  example 
'(Chap.  XII.).  1 

Chlorides  of  Iodine. — In  the  experiment  on  the  decomposition  of 
hydrogen  iodide  with  chlorine  described  on  p.  233,  it  is  observed  that 
if  the  chlorine  is  present  in  excess,  the  iodine  does  not  separate  out  in 
the  usual  dark  lustrous  crystals,  but  that  a reddish-brown  liquid  of  the 
appearance  of  bromine,  and  also  reddish-yelloAv  crystals,  are  produced. 
Both  these  are  neAv  substances  formed  by  the  combination  of  chlorine 
with  iodine. 

The  red-broAvn  liquid  has  the  composition  IC1  and  is  formed  Avith 
-’extreme  readiness  by  passing  chlorine  over  iodine.  Under  the  influ- 
pence  of  the  chlorine,  the  iodine  liquefies,  and  by  starting  with  weighed 
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quantities  the  experiment  can  be  interrupted  when  the  increase  of 
weight  corresponding  to  the  formula  has  taken  place. 

This  substance  can  be  solidified  by  cold,  and  is  obtained  in  two 
forms,  one  of  which  melts  at  14°,  the  other  at  27°.  Of  these  two 
forms,  the  one  with  the  higher  melting  point  is  stable;  the  other  , 
form  however,  is  produced  more  readily  by  spontaneous  solidification 
when  the  liquid  is  cooled  down.  If  a little  of  the  higher  melting  form 
be  brought  into  contact  with  the  form  of  lower  melting  point,  the  latter 
changes  into  the  former  ; the  reverse  transformation  never  takes  place. 
From  the  liquid  cooled  below  14°,  in  the  neighbourhood  of  which 
temperature  the  liquid  does  not  spontaneously  solidify,  the  one  or  the 
other  form  separates  out,  according  as  crystals  of  the  one  or  other  form 

are  added.  . , , 

The  relations  described  here  are  found  m the  case  of  a large  num- 
ber of  substances.  Besides  the  liquid  form,  only  one  kind  of  which 
can  be  present,  there  are  often  several  solid  forms  possible,  each  of 
which  has  its  special  melting  point.  The  form  with  the  lower  melting 
point  is  always  unstable  with  respect  to  the  form  of  higher  melting 
point  so  that  it  can  pass  into  the  latter,  whereas  the  reverse  transfor- 
mation never  occurs.1  This  phenomenon  is  called  polymorphism,  and 

the  different  forms  polymorphic  forms. 

Besides  the  iodine  monochloride,  there  is  another  compound,  iodine 
trichloride,  IC18.  It  is  easily  obtained  by  passing  an  excess  of  chlorine 
over  iodine ; the  brown  liquid  which  is  first  produced  soon  solidi- 
fies to  red-yellow  crystals,  which  cannot  be  melted  at  ordinary 
pressure,  as  they  previously  decompose  into  chlorine  and  vapour 
of  the  monochloride.  If  the  decomposition  be  hindered  by  an 
increase  of  pressure,  a melting  point  under  16  atm.  can  be  observed 

^Both  compounds  are  decomposed  by  water  with  formation  ol  t 
hydrochloric  acid,  iodic  acid,  and  free  iodine.  Still  the  ^chloride 
seems  to  dissolve  partially  in  water  without  decomposition  and  to  be 
formed,  on  mixing  concentrated  solutions  of  iodic  acid  and  hydiogen 

'““Besides  these  compounds,  there  exist  compounds  of  iodine  and 
bromine  and  of  iodine  and  fluorine.  These  will  not  be  discussed  here. 


C.  Fluorine 

(General  —To  the  group  of  halogen  elements  there  must  also  be 
adde®  “he  element  fluorine,  which  differs  in  its  properties  more 

. This  holds,  iu  general,  only  for  the  “Sh 
£££&, - i reversed.  An  es.wp.e  of  .hie  - 
be  discussed  in  detail  (Chap.  XII.). 
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widely  from  the  other  three  than  these  from  one  another.  It  exhibits, 
however,  still  fewer  relationships  with  the  rest  of  the  elements,  and  is, 
therefore,  most  suitably  classed  along  with  the  halogens. 

Fluorine  has  the  combining  weight  19,  which  is  smaller  than  that 
of  the  other  halogens.  The  relation  which  is  found  here,  that  the 
element  with  the  smallest  combining  weight  shows  less  similarity  to 
the  related  elements  than  the  elements  of  higher  combining  weight  to 
one  another,  is  repeatedly  found.  Reference  will,  therefore,  be  made 
to  this  again  on  other  occasions. 

Fluorine  is  not  found  free  in  nature  any  more  than  the  other 
halogens.  To  a still  higher  degree  than  these,  it  has  the  tendency  to 
combine  with  other  elements.  This  property  is  so  marked  that  until 
a few  years  ago  it  was  quite  unknown  in  the  free  state. 

Compounds  of  fluorine  are  fairly  widely  distributed  in  nature.  It 
occurs  in  small  quantity  in  many  rocks,  and  its  calcium  compound,  fluor- 
spar,  is  a very  abundant  mineral.  The  total  amount  of  fluorine,'  how- 
ever, in  the  earth  s crust  accessible  to  us  is  considerably  less  than  that 
of  chlorine. 

Preparation. — Fluorine  is  obtained  by  the  electrolysis  of  its 
hydrogen  acid  in  exactly  the  same  way  as  chlorine  is  obtained  by  the 
electrolysis  of  hydrochloric  acid.  But  in  this  case  the  difficulty  arises 
that  the  aqueous  acid  cannot  be  employed  for  this  purpose,  since  the 
free  fluorine  decomposes  water  with  evolution  of  oxygen  and  regenera- 
tion of  hydrogen  fluoride.  Anhydrous  hydrogen  fluoride,  however,  is 
just  as  little  a conductor  of  electricity  as  the  other  halogen  hydracids 
in  the  anhydrous  state. 

The  difficulty  can  be  overcome  by  dissolving  potassium  fluoride  in 
the  anhydrous  acid,  which  thereby  becomes  a conductor.  It  is,  how- 
evei,  only  the  hydrofluoric  acid  that  undergoes  decomposition,  and  at 
the  cathode  there  is  obtained  hydrogen  (primarily  and  secondarily 
cf.  p.  195),  and  at  the  anode,  fluorine. 

Since  fluorine  quickly  combines  with  most  of  the  metals  the 
electrolysis  was  first  carried  out  in  vessels  of  platinum,  which  is  not 
I attacked  to  any  considerable  extent.  It  has,  however,  been  since 
ound  that  copper  also  resists  the  attacks  of  fluorine  fairly  well  so  that 
the  expensive  platinum  apparatus  is  not  absolutely  necessary. 

Properties.— Fluorine  is  a gas  with  a faint,  green-yellow  colour, 
which  recalls  that  of  chlorine  but  is  much  less  strongly  developed.  Its 
density  is  not  known  with  great  exactness,  but  it  undoubtedly  approxi- 
mates  to  the  value  38,  so  that  fluorine  has  the  formula  F„,  similar  to 
that  of  the  other  gaseous  elements.  Its  great  reactivity  with  almost 
Icill  substances  has  already  been  mentioned.  In  particular,  hydrogen 
ompounds  of  all  kinds  take  fire  in  fluorine  gas,  hydrogen  fluoride 
bein  formed  with  great  development  of  heat.  Most  of  the  metals 
react  violently  with  formation  of  fluorides. 

The  oxygen  produced  by  the  action  of  fluorine  on  water  contains  a 
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At  - 187°  fluorine  passes  into  the 


large  quantity  of  ozone  (p.  80) 

'"'"Hydrogen  Fluoride— Hydrogen  fluoride,  1IF,  is  obtained,  in 
accordance  with  the  general  scheme  (p.  205),  by  the  action  of  other 
acids  on  the  naturally  occurring  metal  compounds  of  fluorine,  the  salts  , 
of  hydrofluoric  acid.  As  it  is  readily  volatile,  it  can  be  separated  by 
warming.  In  practice,  the  already  mentioned  fluor-spar,  the  calcium 

salt  and  sulphuric  acid  are  employed.  . , 

Since  hydrofluoric  acid  has  the  property  of  attacking  glass,  vessels 
of  lead  or  of  platinum  must  be  used  in  its  preparation.  For  manufac- 
turing purposes  the  former  metal  is  sufficient,  but  for  scientific  purposes  t 
the  latter  must  be  employed  where  contamination  with  lead  must  be 
avoided.  Fluor-spar  and  sulphuric  acid  are  mixed  and  warmed 
moderately  in  a retort  made  of  the  above  material  Hydrofluoric  acid 
distils  over,  and  as  the  pure  acid  boils  as  low  as  19  , it  can  be  liquefied 

137  Tnhyd^ous  hydrogen  fluoridf  finds  no  application,  but  the  aqueous 
solution ^does.  As  a rule,  therefore,  a suitable  quantity  of  water  us- 
placed  in  the  receiver  in  which  the  hydrogen  floor*,  can  be  ah  sorbed 
and  in  this  way  a solution  is  obtained,  containing  40  to  oO  pe 
hvdroeen  fluoride,  which  fumes  strongly  in  air  On  distillation, 
hydrofluoric  acid  behaves  exactly  like  the  other  “jf 
the  constant  boiling  solution  contains  35  per  cent  of  acid  and 

12°The  solution  cannot  be  kept  in  glass  vessels,  as  these  are  «udkg 

SM ^£iZXSatSnSTMs  is  an  organic 

subScS  So  resis/the  acid  fairly  well,  a fact  which  is  of  importance 

foi  its ^“PP1“j“",'drofluoric  ac;a  depends  essentially  on  the  fact  that  it 

attacks  and  “ &t^^“  SSJ 

Silicic  acid  (p.  )•  2 hand  for  the  purpose  of  dissolving  compounds  • 

fcttbbm6"  ^e  chemical  reactions  which  take  place, 

vapour  is  very  lnjunous,  a , ijy  Washing  with  ammonia  is 

13“  Tsf  Th^anhy^drouslcid^  is  ^especially  dangerous.- 

of  hydrofbooric  acid,  it  is  found  that: it 

Z iTet  ^litTtather  more  than  3 per  cent  dissociated, 


i 
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whereas  the  other  halogen  hydracids  are  dissociated  to  80  per  cent. 
Hydrofluoric  acid  is,  therefore,  a considerably  weaker  acid  than 
the  others. 

In  its  general  behaviour  also,  fluoridion  differs  essentially  from 
the  other  halogen  ions.  With  silver  solutions  it  gives  no  precipitate ; 
on  the  contrary,  silver  fluoride  is  readily  soluble  in  water.  On 
the  other  hand,  calcium  fluoride  is  a difficultly  soluble  substance, 
whereas  the  other  halogens  form  extremely  soluble  compounds  with 
, calcium. 

The  Strength  of  Acids  — The  number  of  new  acids  which  have 
just  become  known  to  us,  gives  occasion  to  some  further  general  con- 
siderations in  amplification  of  those  made  on  p.  184.  Acids  possess 
a number  of  common  properties  which  clearly  manifest  themselves  in 
the  colour  reactions  with  litmus  and  similar  colouring  substances,  and 
which  can  also,  by  means  of  numerous  other  reactions,  be  quantitatively 
determined. 

This  similarity  in  action  is  appropriately  attributed  to  the  presence 
of  the  same  substance,  hydrogen.  In  the  first  place,  now,  we  found 
that  the  acid  properties  were  by  no  means  exhibited  by  all  hydrogen 
compounds ; all  hydrogen,  therefore,  is  not  of  this  nature.  The 
acid  hydrogen  is  characterised  chemically  bjr  the  fact  that  it  can  be 
replaced  by  metals,  as  has  already  been  explained  on  p.  184. 

It  would,  therefore,  be  expected  that  those  quantities  of  different 
acids  which  contain  equal  amounts  of  hydrogen  (hence  called  equiv- 
alent), would  also  exhibit  equal  acid  actions.  In  certain  respects  this  is 
the  case ; thus,  such  amounts  of  different  acids  always  neutralise  equal 
amounts  of  the  same  base  (p.  186),  and  evolve  with  metals,  e.g. 
magnesium,  equal  quantities  of  hydrogen.  On  the  other  hand  there 
are  other  reactions  in  which  the  different  acids  behave  differently. 
For  example,  on  introducing  pieces  of  zinc  of  equal  size  into  equiva- 
lent solutions  of  hydrochloric  acid,  sulphuric  acid,  and  acetic  acid,  the 
metal  acts,  it  is  true,  on  all  the  acids  with  evolution  of  hydrogen,  and 
the  amount  of  hydrogen  which  is  ultimately  evolved  is  the  same  in  all 
cases ; the  velocity,  however,  with  which  the  reaction  takes  place  in  the 
different  cases,  is  very  different.  It  is  greatest  in  the  case  of  hydro- 
chloric acid,  less  in  the  case  of  sulphuric  acid,  and  very  small  in  the 
case  of  acetic  acid. 

■'  These  differences  can  be  clearly  shown  by  placing  the  acids  with 
the  zinc  in  small  flasks  fitted  with  gas-delivery  tubes,  and  collecting 
the  evolved  hydrogen  in  three  cylinders  of  equal  section  placed  side  bv 
side  and  standing  over  water  (Fig.  7 5).  The  differences  are  quite  distinct 
after  5 to  10  minutes  if  equivalent  normal  solutions,  i.e.  solutions  con- 
taining 1-01  gm.  hydrogen  in  the  litre,  are  used.  In  order  to  be 
independent  of  impurities  which  may  be  present  in  the  zinc,  and  which 
can  cause  a difference  in  the  evolution  of  gas,  a small  quantity  of  a 
dilute  solution  of  copper  sulphate  is  added  to  each  of  the  solutions. 
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The  evolution  thereby  becomes  rapid  and  uniform,  and  the  collection  of 
the  gas  is  not  begun  until  somewhat  later. 

Parallel  with  these,  there  run  other  differences  which  have  refer- 
ence to  the  velocity  of  chemical  processes  and  the  equilibrium  relations. 

In  all  such  cases,  several 


of  which  will  be  dis- 
cussed later,  the  acids  are 
arranged  in  the  same 
order,  so  that  we  must 
conclude  that  there  are 
definite  differences  attach- 
ing to  the  acids  them- 
selves and  independent 
of  the  nature  of  the  re- 
action. 

Difference  in  Elec- 
trolytic Dissociation. 

— It  has  been  already 


> 


mentioned  that  the  acids  in  aqueous  solution  are  electrolytes,  and  con- 
duct the  electric  current  with  decomposition.  If,  now,  the  conductivity 
of  equivalent  solutions  of  the  different  acids  be  compared,  it  is  found 
that  in  this  respect  also  the  acids  form  the  same  sequence  as  in  the 
case  of  their  last  mentioned  properties.  Hydrochloric  acid  conducts 
best,  sulphuric  acid  less  well,  and  acetic  acid  much  worse.  Agreement 
is  found  in  every  detail,  and  is  present  also  in  the  numerical  values. 
It  follows  from  this  that  we  are  dealing  with  the  operation  of  the  same 
cause  and  any  interpretation  of  the  described  relations  must  take 
account  of  all  these  properties. 

The  power  of  conducting  the  electric  current  was  attributed  (P-  iy7| 
to  a special  condition  of  the  participating  substances,  the  ionic  condition. 
In  this  condition  the  components  exist  in  a certain  degree  of  independ- 
ence of  one  another,  or  of  freedom,  and  this  finds  its  expression  just 
in  the  power  of  transporting  opposite  electricities  in  opposite  directions. 

The  same  independence  is  proved  by  the  identity  of  the  chemical 
reactions  of  an  ion,  independently  of  the  presence  of  other  ions  (p.  189). 

The  great  differences  in  electrical  conductivity  of  equivalent  solu- 
tions of  acids,  and  the  corresponding  differences  in  chemical  reactivity, 
are  to  be  attributed  to  the  fact  that  not  the  whole  amount  but  only  a 
portion  of  the  acid  present  is  in  a state  of  free  ions.  By  this  portion 
alone  the  electric  conduction  is  performed,  and  on  it  depend  the  velocity 
and  the  equilibrium  in  the  case  of  the  reactions  of  the  acids.  Ut  the 
whole  hydrogen  of  an  acid,  then,  a portion  is  present  in  the  state  ot 
ions  while  the  other  portion  is  combined  with  the  anion.  Uniy 
the  hydrogen  which  is  present  in  the  ionic  condition  determines  ttie 
velocity  of  the  action  of  the  acids  on  zinc,  the  different  chennca 
equilibria,  and  (in  conjunction  with  the  anion)  the  electrical  conducts  ity  • 


t 


XI 


BROMINE,  IODINE,  FLUORINE 


243 


For  this  reason,  all  these  different  actions  arc  found  to  vary  in  a 
similar  manner  with  the  nature  of  the  acid,  and  to  be  proportional  to 
one  another. 

* The  great  differences  in  electrical  conductivity  can  be  made  very 
clear  by  placing  the  solutions  in  narrow  tubes  and  passing  an  electric 
current  through  them  and  through  a galvanometer  which  indicates 
milliamperes  (Fig.  76).  A fairly  high  potential  must  be  used  in 
order  to  lessen,  as  far  as  possible,  the  influence  of  the  secondary 
potentials  which  make  their  appearance  at  the  electrodes,  and  which 
are  due  to  reactions  taking  place  there.  It  is  best  to  make  the  con- 
nection with  the  electric  main,  which  has  usually  a potential  of  60  to 
110  volts,  although  five  or  ten  accumulators  arranged  in  series, 
corresponding  to  10  or  20  volts,  are  sufficient.  Under  these  conditions 
• the  deflection  of  the  instrument  is  proportional  to  the  electrolytic  con- 


ductivity. In  the  case  of  equivalent  normal  solutions  of  the  three 
acids  mentioned,  the  ratio  of  the  conductivities  is  found  to  be  about 
1:0-5:  0-012. 

* The  suitable  dimensions  of  the  tubes  are  found  from  the  rule 
that  with  a length  of  10  cm.  the  section  must  amount  to  — ^ cm.,  where 

sj n 

n is  the  potential  in  volts  used,  in  order  that  normal  hydrochloric  acid 
shall  allow  a current  of  about  100  milliamperes  to  pass.  If  the  tubes 
are  increased  in  length,  the  section  must  also  be  proportionately 
| enlarged.  J 

I The  Pr°cess  by  which  the  acids  which  in  the  pure  state  are  not 
electrolytes  split  up  on  solution  into  ions,  is  called  electrolytic  dissoci- 
ation (p.  197).  Different  acids  undergo  this  dissociation  to  different 
extents,  and  the  greater  the  degree  of  dissociation,  the  more  pronounced 
are  the  acid  characters,  the  “ stronger  ” is  the  acid.  The  strength 
however,  cannot  increase  indefinitely,  for  it  must  reach  its  maximum 
when  dissociation  is  complete. 

As  a matter  of  fact,  measurements  of  the  conductivity  have  shown 
that  there  is  a maximum  for  the  strength  of  acids  which  cannot  be 
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exceeded.  Hydrochloric  acid,  even  in  moderately  dilute  solutions, 
approximates  to  this  maximum,  and  must,  therefore,  be  designated  as 
one  of  the  strongest  acids.  To  the  same  class  belong  the  other  halogen 
acids,  with  the  exception  of  hydrofluoric  acid,  which  is  considerably  less 

dissociated.  . 

The  dissociation  of  hydrochloric,  hydrobromic,  and  hydnodic  acids, 

as  well  as  that  of  all  other  acids,  increases  with  the  dilution.  In  the 
following  table  there  is  given  the  fractional  dissociation  at  the  ordinary 
temperature  (20°),  the  dilution  being  expressed  by  the  number  of 
litres  in  which  l'O  L gm.  of  hydrogen  is  contained. 


Dilution. 

10 

100 

1000 


HC1. 

0-95 

0-98 

0-99 


HBr. 
0-95 
0-98 
0 99 


HI. 

0-95 

0-98 

0'99 


HF. 

0-10 

0-26 

0-59 


Sulphuric  Acid. 

0-57 
0-74 
0-92 


Acetic  Acid. 
0 013 
0-050 
0-125 


Whereas,  therefore,  the  first  three  acids  change  only  slightly  with 
the  dilution,  the  others  do  so  to  a large  extent,  and  tend  to  assume  the 
value  1— a value  which  is  already  almost  reached  by  the  former.  The 
more  dilute  the  acids,  the  more  nearly  do  they  approach  one  ano  ler 

m feThese  relations  obey  certain  laws  which  we  shall  not  consider, 

however,  until  a later  point.  . . moan  • u . 

When  we  speak,  therefore,  of  the  strength  of  an  acid,  we  mean  itt 

dissociation,  it.  the  fraction  of  the  total  amount  which  is  in  the  form 

of  ions.  The  conception  applies,  naturally  only  t0 .^I'fdi 1uUot  tat 
The  strength  varies  also  with  the  temperature  and  the  dilution,  but 
SE  the  absolute  values  of  the  degree  of  dissociation  are  thereby 
altered  the  order  of  the  different  acids  remains  unchanged 

-An  approximate  measure  of  the  strength  of  an acid  is  afforded 
by  the  comparison  of  its  conductivity  with  that  0«'«lul'a 
solution  of  hydrochloric  acid.  Since  at  fairly  great  dilution,  the  latter 
does  not  materially  fall  short  of  complete  dissociation,  the  contact*  t, 
of  the  acid  referred  to  hydrochloric  acid  equal  t* . unity,  g»«  ^ 
fraction  of  its  hydrogen  which  is  in  the  ionic  conditum  or  the  tk  e 
of  dissociation  of  the  acid.  We  have  here,  it i ^ true  >«  > 
certain  conditions,  still  these  cannot  give  rise  to  any  considers! 

errors.  !ds  of  the  halogens,  chloric,  bromic,  iodic  and  per- 

chloric add"  Le  dissociated  to  approximate^  ^ 

“ dissociation,  however,  is 

;Sdand  ifhasTSrbeen  shown  that  in  solutions  ofaceric 
“fprinT one  Wt  Oppose  that  on  titmting 
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■with  caustic  soda  the  red  colour  of  the  litmus  would  disappear  after 
this  hydrion  had  been  converted  to  water  by  the  addition  of  a few 
per  cent  of  the  equivalent  of  alkali.  This  is  not  the  case.  On  the 
contrary,  we  have  seen  that  the  different  acids  require  exactly  as 
much  alkali  as  corresponds  to  their  equivalent  (p.  186).  For  the 
process  of  neutralisation,  therefore,  it  is  a question  not  merely  of 
the  hydrion  but  of  all  the  acid  hydrogen,  whether  it  is  present 
as  ion  or  not. 

This  apparent  contradiction  is  removed  when  we  consider  more 
carefully  what  is  the  course  of  the  process  of  neutralisation.  On 
addition  of  caustic  soda,  the  ions  Id’  and  OIF  in  the  first  place  act  on 
one  another  and  form  water.  There  exists,  however,  a chemical 
equilibrium  which  depends  on  the  proportions  of  the  participating 
substances,  between  the  portion  of  the  acid  which  has  passed  into  ions 
and  the  undissociated  portion.  If  one  of  the  substances  is  removed, 
that  reaction  must  immediately  take  place  by  which  it  is  again 
replaced.  In  proportion,  therefore,  as  the  hydrion  is  removed  by 
combination  with  the  hydroxidion,  a fresh  amount  must  be  produced 
by  the  dissociation  of  the  still  undissociated  portion.  This  new 
formation  can  take  place  as  long  as  there  is  undissociated  acid  present, 
but  when  this  is  used  up  the  hydroxidion  will  no  longer  be  bound, 
and  the  blue  colour  of  litmus  must  appear. 

Now,  all  processes  between  ions  proceed,  as  experience  shows,  so 
quickly  that  it  has  hitherto  never  been  possible  to  measure  their 
velocity.  In  the  case  of  our  experiment,  therefore,  we  see  only  the 
final  l'esult,  and  on  titration  with  caustic  soda  we  do  not  obtain  the 
amount  of  hydrion  present  at  the  particular  moment,  but  the  amount 
of  all  the  hydrion  that  can  be  formed  from  the  substances  present ; 
not  the  actual  amount  of  the  ions,  but  the  sum  of  the  actual  and  the 
potential. 


The  same  holds  for  the  action  of  the  metals,  e.g.  zinc,  on  the  acids, 
where  the  total  amount  of  the  possible  hydrion  is  ultimately  evolved 
as  hydiogen  gas.  In  this  case,  however,  the  velocity  is  measurable, 
and  it  is  found  to  be  all  the  greater,  the  greater  the  concentration  of 
the  hydrion  actually  present.  The  same  is  found  in  all  processes 
" ich  depend  on  the  hydrion  and  which  proceed  with  measurable 


The  question  as  to  the  conditions  under  which  only  the  actual 
and  under  which  the  potential  ions  are  to  be  considered,  can  be 
answered  to  the  effect  that  the  former  are  all-important  when  the 
amount  of  the  ions  present  is  unaltered,  or  is  altered  only  in  an 
mcompara  ly  slight  degree,  by  the  process.  If,  however,  the  nror.pss 


velocity. 
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Thus,  the  precipitation  of  chloridion  by  silver  solution . is, 
evidently,  a process  which  gives  the  amount  of  the  potential  ion. 
When  the  silver  is  present  in  sufficient  amount,  the  process  does  not 
cease  until  all  the  chloridion,  not  only  that  present  at  the  beginning, 
is  exhausted.  For  the  chloridion  is  removed  from  the  solution  by  the 
precipitation  of  the  silver  chloride  in  the  solid  state,  and  the  process 
can  continue  so  long  as  chloridion  can  still  be  formed  from  the 

undissociated  chloride  present.  _ 

The  determination  of  the  electrical  conductivity,  however,  gives 
information  only  as  to  the  amount  of  the  ions  really  present  or  the 
actual  ions,  for  by  such  a measurement  no  ions,  or  only  a vanishingly 

small  amount  of  ions,  are  used  up. 

From  this  it  is  clear  that  in  order  to  measure  the  state,  ot 

dissociation  or,  generally,  the  concentration  of  any  ions,  only  those 
processes  are  directly  applicable  by  which  the  amount  of  the  ions 

is  not,  or  is  only  very  slightly,  altered.  . . , 

The  Dissociation  of  Salts— Whereas  in  the  case  of  the  acids, 
and,  as  we  shall  find  later,  to  a certain  extent  also  in  the  case  of  the 
bases,  great  variety  exists  in  the  degree  of  dissociation  -all  possible 
values,  in  fact,  occurring —the  behaviour  of  the  neutral  salts  is  much 
more  uniform.  Almost  all  these  are  dissociated  to  a fairly  large 
extent  and  only  in  quite  exceptional  cases  are  salts  found  vhich 

exhibit  deviations  in  this  respect.  ...  , 

Except  in  these  special  cases,  therefore,  it  will  not  be  necessary 

in  the  case  of  chemical  reactions  between  salt  solutions  to  re  er 
specially  to  the  state  of  dissociation.  The  actual  conditions  will 
represented  very  closely  if  we  assume  that  all  the  salt  present  is  • 
dissociated  into  its  ions,  and  that  the  reactions  take  place  exclusively 

between  the  ions.  . • .v  . 

An  important  conclusion  which  can  be  drawn  from  this  is  that 

when  different  salt  solutions  are  mixed  with  one  another,  the  liquid 

thus  produced  will  always  be  of  the  same  nature  if  it  contain  the 

same  ions  in  the  same  amount,  no  matter  what  the  arrangement  of 
these  ions  was  in  the  salts  used  for  the  preparation  of  the  solution. 
A mixture  of  equivalent  amounts  of  sodium  chloride  and  potassium 
iochde  can  in  imrespect  be  distinguished  from  one  prepared  from  the 
corresponding  amounts  of  potassium  chloride  and  sodium  iodide 

Further  since  the  state  of  the  substances  present  is  not  altered  by 

.1  ’ twn  solutions for  the  substances  were  present  as  ions  to 

™ with  auTare  - r„  after  the  mixing-none  of  those  process, 
take  place  by  which  the  occurrence  of  chemical  change  is  characterised. 
There  occurs  no  change  either  of  the  temperature  or  of  the  volume  or 
of  Se  colour,  etc.,  and  the  properties  of  the  mixed  solution  are  snnpb 
the  sum  (rightly  formed)  of  the  properties  of  the  components 

"""Where  a deviation  from  these  rules  is  found,  it  is  a proof  that 
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the  assumption  made  is  no  longer  correct,  but  that  there  can  be 
formed  from  the  ions  present  one  or  several  salts  which  are  dis- 
sociated to  a much  less  degree  into  ions. 

Again,  new  conditions  arise  when  a salt  can  be  formed  which 
separates  out  in  the  solid  state  under  the  existing  conditions.  Since 
the  solid  salts  are  not  dissociated,  those  phenomena  which  accompany 
a chemical  process  must  forthwith  appear,  i.e.  there  is  development  or 
absorption  of  heat,  and  all  the  other  properties  also  undergo  a sudden 
change. 

* These  relations  can  be  made  clear  by  mixing  solutions  of 
sodium  chloride  and  potassium  iodide  previously  brought  to  the 
same  temperature.  No  change  of  temperature  is  indicated  even 
by  a very  sensitive  thermometer.  So  soon,  however,  as  one  of  the 
salts  is  chosen  so  that  a precipitate  can  be  formed  (e.g.  potassium 
iodide  and  lead  nitrate,  or  sodium  sulphate  and  barium  chloride), 
an  appreciable  rise  of  temperature  occurs  on  mixing. 

* Hydrolysis. — In  the  case  of  the  salts  of  weak  acids  a special 
phenomenon  is  met  with,  the  comprehension  of  which  rests  on  the 
theory  of  strong  and  weak  acids.  On  testing  a solution  of  sodium 
hypochlorite  (p.  204),  for  example,  with  litmus  paper,  it  is  not  found 
to  be  neutral,  like  sodium  chloride  or  a similar  salt,  but  the  solution 
is  distinctly  alkaline.  This  is  a peculiarity  met  with  in  the  case 
of  many  other  salts  of  weak  acids,  and  the  explanation  of  it  is  as 
follows. 

A weak  acid  is  one  in  which  the  dissociation  into  hydrion  and 
the  corresponding  anion  is  slight.  When,  therefore,  the'  two  kinds 
of  ion  come  together,  they  will  for  the  most  part  combine  until  one 
of  them  has  almost  disappeared. 

If,  now,  we  have  an  aqueous  solution  of  the  sodium  salt  of  a very 
weak  acid,  the  anion  of  the  acid  is  present  in  large  amount.  In  this 
case,  a very  small  quantity  of  hydrion  is  sufficient  to  establish  the 
equilibrium ; and  if  more  hydrion  is  present,  the  greater  part  of  it  will 
combine  with  the  anion  until  its  amount  has  so  far  diminished  that 
the  condition  of  equilibrium  can  exist. 

In  the  aqueous  solution,  now,  hydrion  is  present  because  water  is 
dissociated,  although  only  slightly  still  in  measurable  amount,  into  the 
ions  hydrion  and  hydroxidion  (p.  191).  This  small  concentration  is 
greater  than  corresponds  to  the  equilibrium  with  the  ion  CIO'. 

I ) diion,  therefore,  will  unite  with  this  to  form  undissociated  HCIO. 

By  this  process,  however,  the  equilibrium  between  the  ions  of  water  is 
" disturbed,  further  amounts  of  water  must  dissociate  into  hydrion  and 

hydroxidion,  and  these  processes  will  go  on  till  all  the  substances  are 
in  equilibrium. 

The  result  of  these  processes  is  the  disappearance  of  a certain 
• quantity  of  hydrion  which  has  been  used  for  the  formation  of  HCIO. 
e corresponding  amount  of  hydroxidion  cannot  unite  with  the 
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sodion,  because  sodium  hydroxide  is  a strongly  dissociated  electro- 
lyte, but  remains  in  the  free  state.  A solution,  however,  which 
contains  hydroxidion  reacts  alkaline,  and  this,  indeed,  is  what  the 
solution  of  sodium  hypochlorite  does. 

At  the  same  time  a certain  amount  of  the  undissociated  compound  > 
HCIO  has  been  formed,  and  this,  we  know,  is  volatile  (p.  206).  The 
solution  must,  therefore,  smell  of  hypochlorous  acid.  This  also  is  a 
general  peculiarity  of  the  hypochlorites. 

The  above  considerations  will,  evidently,  preserve  their  validity 
in  all  cases  where  we  are  dealing  with  salts  of  strong  bases  and  weak 
acids.  The  phenomenon  is  known  as  hydrolysis , since  it  is  a case  of 
decomposition  with  the  co-operation  of  water,  and  the  general  rule  can 
be  stated  that  hydrolysis  will  always  occur  when  the  salt  of  a weak  acid 
with  a strong  base  is  dissolved  in  water.  The  behaviour  of  the  solution, 
also,  can  be  characterised  by  saying  that  the  acid  and  the  base  have 
not  neutralised  one  another  completely,  so  that  the  reactions  both  of 
the  base  and  of  the  free  acid  can  be  observed  side  by  side. 

Similar  considerations  also  apply  to  the  salts  of  weak  bases. 
These  are  also  hydrolytically  dissociated  and,  for  a corresponding 
reason,  react  acid.  At  a later  point  we  shall  have  an  opportunity 

of  returning  to  this.  _ ... 

Hydrolytic  dissociation  differs  essentially  from  electrolytic  dis- 
sociation (p.  197).  The  latter  occurs  in  the  case  of  all  salts,  and 
especially  in  the  case  of  those  of  the  strong  acids  and  bases;  but 
hydrolysis  is  possible  only  when  the  acid  or  base,  or  both,  are  weak, 
i.e.  slightly  dissociated  in  solution. 

° J -<  . -F/-vnv»  alomontc 


General  Remarks  on  the  Halogens.— The  four  elements 
fluorine,  chlorine,  bromine,  and  iodine  form  a natural  family  of 
similar  elements,  whose  properties,  in  the  widest  sense  of  the  term, 
Generally  follow  the  same  order  as  the  combining  weights,  in  the 
first  place,  the  numerical  values  of  these  fundamental  magnitudes 
exhibit  a definite  relation  to  one  another.  On  placing  them  together 
and  taking  the  differences,  we  obtain  the  following 


The  differences  between  chlorine,  bromine,  and  iodine  are  almost  equal, 
but  the  difference  between  fluorine  and  chlorine  shows  a marked 


Difference. 


Fluorine 

Chlorine 

Bromine 

Iodine 


19 


16-45 

44-51 

46-89 


35-45 

79-96 

126-85 
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to  liquefy,  chlorine  can  be  easily  liquefied,  bromine  is  liquid  under 
ordinary  conditions,  and  iodine  is  solid.  The  density  of  the  elements 
in  the  liquid  state  and,  as  may  be  at  once  added,  the  densities  of 
corresponding  compounds  in  the  liquid  or  solid  state,  also  stand  in 
the  same  order. 

All  halogens  form  acids  with  one  combining  weight  of  hydrogen. 
Of  these,  that  of  fluorine  is  medium  strong,  while  those  of  the  other 
halogens  are  very  strong.  The  heat  of  formation  of  the  dilute  acid 
decreases  regularly  as  the  combining  weight  increases,  and  in  the  same 
way  the  difference  of  energy  between  the  free  element  and  the  corre- 
sponding ion  diminishes ; the  tendency  to  ion  formation  is  very  great 
in  the  case  of  fluorine,  but  in  the  case  of  iodine  it  has  already  become 
very  slight.  The  lighter  halogen,  therefore,  always  displaces  the 
heavier  from  its  salts,  i.e.  the  lighter  halogen  passes  into  the  ion  form 
and  the  heavier  into  the  elementary  state. 

With  the  metals,  also,  the  halogens  form  compounds  which  possess 
similar  composition.  Thus,  if  a chloride,  say,  contains  two  combining 
weights  of  chlorine,  the  same  number  is  found  in  the  case  of  the 
bromide,  the  iodide,  and  the  fluoride.  This  follows  at  once  from  the 
composition  of  the  acids,  which,  on  account  of  their  containing  the 
same  number  of  combining  weights  of  hydrogen,  are  able  to  neutralise 
■ the  same  quantities  of  the  different  bases. 

In  their  behaviour  towards  oxygen,  the  order  of  the  halogens  is 
reversed.  Fluorine  gives,  so  far  as  known,  no  compound  with  oxygen  ; 
the  oxygen  compounds  of  chlorine  can  be  prepared,  but  have  slight 

• stability,  likewise,  also,  the  bromine  compounds ; and  the  iodine  com- 
pounds are  the  most  stable.  In  this  case,  it  is  true,  we  do  not  have 
such  complete  Regularity  as  in  the  other  cases,  for  the  compounds  of 
bromine  are  less  stable  than  those  of  chlorine  ; in  this  respect,  there- 
fore, chlorine  stands  between  bromine  and  iodine,  instead  of  bromine 
being  between  chlorine  and  iodine. 

^ ith  legard  to  these  irregularities,  however,  we  should  remember 
that  the  relations  we  have  just  mentioned  depend  on  the  temperature, 
and  alter  to  an  unequal  extent  when  this  is  changed.  It  is,  therefore, 
f v possible  that  at  other  temperatures,  the  usual  order  would  again 
obtain,  and  that  this  apparent  irregularity  is  only  the  outcome  of  a 
arther  reaching  regularity  which  at  present  escapes  our  judgment. 

he  relation  we  have  met  with  here,  that  the  elements  can  be 

• ai  ranged  in  gi  oups  of  similar  substances,  will  be  frequently  found 
i again.  In  all  these  cases  the  law  is  repeated  that  the  properties  of 

such  elements  and  of  their  corresponding  compounds  can  be  arranged 
1 ln  fclJe  same  way>  so  that  the  numerical  values  of  the  combining  weights 
are  found  to  be  the  basis  of  the  systematic  treatment  of  the  properties 
oth  of  the  elements  and  of  their  compounds. 

It  is  true,  however,  that  on  attempting  to  introduce  numerical 
! e a ions  in  place  of  the  mere  order  of  arrangement,  we  encounter 
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great  difficulties.  The  chief  cause  of  these  is  that  the  properties 
undergo  alteration  to  varying  degrees  with  varying  conditions  (e.g. 
with  change  of  temperature),  so  that  the  relations  which  exist  under 
certain  conditions  become  different  when  we  pass  to  other  conditions. 
Simple  numerical  relations  can  exist  only  in  those  cases  where  the  < 
magnitudes  are  unaffected  by  any  condition  (as,  for  example,  in  the 
case  of  the  law  of  the  combining  weights),  or  where  the  influence  of 
the  conditions  is  the  same  in  all  comparable  cases  (as  in  the  case 
of  the  law  of  gaseous  volumes).  In  all  other  cases  numerical 
relations  which  shall  at  the  same  time  be  exact  and  simple,  cannot  be 
expected,  and  if  they  are  observed  in  any  one  case,  it  will,  in  general, 
be  a mere  chance. 

Thermochemistry  of  the  Halogens.— In  accordance  with  the 
example  given  in  the  case  of  chlorine  (p.  199),  the  thermochemical 
relations  of  the  other  halogens  can  be  investigated.  The  following 
table  gives  a clear  summary  of  the  determinations  and  calculations. 

Iodine. 


Heat.  of  Formation. 

Hydracid,  gaseous 

,,  dissolved  in  water 
Oxy-acid  HAO,  in  solution 

,,  hao3 

,,  hao4 


Fluorine. 

161  kj 
205 


Chlorine. 
92  kj 
164 
125 
100 
161 


Bromine. 
35  kj 
118 
109 
51 


-26  kj 
+ 55 


234 

199 


In  the  above  calculations,  the  elements  are  assumed  to  be  in  the 
state  in  which  they  exist  at  room  temperature,  viz.  chlorine  gaseous, 
bromine  liquid,  iodine  solid.  The  existing  differences  are  not  greatly 
altered  by  recalculating  the  numbers  to  the  gaseous  state. 


Heat  of  Neutralisation  with 
Caustic  Soda. 


Fluorine. 

Chlorine. 

Bromine. 

Iodine. 

68  kj 

57  kj 

57  kj 

57  kj 



42 

42 

— 



58 

58 

58 



59 

— 

— 

Hydracid 
Oxy-acid  HAO 
„ HAO:! 

„ HA04 

(All  the  substances  are  dissolved  in  much  water.) 


A consideration  of  the  above  numbers  shows  that  the  behaviour  of 
the  corresponding  halogen  compounds  is  somewhat  different  in  the  j 
three  groups.  Whereas  the  heat  of  formation  of  the  hydracids,  both.d 
in  the  gaseous  state  and  in  aqueous  solution,  shows  a marked  decrease  - 
from  fluorine  to  iodine,  the  heat  of  formation  of  the  oxygen  compounds 
of  iodine  is  in  all  cases  greater  than  that  of  the  corresponding  chlorine 
compounds.  Bromine,  however,  does  not  stand  in  the  middle,  but  its| 
numbers  are  smaller  than  those  of  chlorine  and  iodine.  . 

Another  picture  is  presented  by  the  heats  of  neutralisation  of  the 
halogen  hydracids.  Whereas  these  are  equal  for  hydrochloric  hydro- 
bromic,  and  hydriodic  acids,  hydrofluoric  acid  has  a considerably  higher 
value.  The  equality  of  the  numbers  in  the  case  of  the  former  aadsj 
is  due  to  the  fact  that  these  are  to  a large  extent  dissociated 
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ions  in  the  dilute  aqueous  solutions  used ; the  heat  of  neutralisation 
is,  therefore,  equal  to  the  heat  of  formation  of  water  from  its  ions 
hydrion  and  hydroxidion,  as  was  shown  on  p.  200.  The  greater  heat  of 
neutralisation  in  the  case  of  hydrofluoric  acid  is  connected  with  its 
slight  dissociation  in  aqueous  solution  (p.  200),  and,  indeed,  it  can  be 
concluded  that  the  dissociation  of  hydrofluoric  acid  into  its  ions  takes 
place  with  evolution  of  heat.  For  we  can  regard  the  neutralisation  of 
this  acid  by  caustic  soda  as  if  the  acid  first  dissociated  into  ions  and 
the  hydrion  then  combined  with  the  hydroxidion  of  the  soda  to  form 
water,  while  the  fiuoridion  and  the  sodion  remain  side  by  side  in  the 
solution,  in  accordance  with  the  circumstance  that  sodium  fluoride, 
being  a neutral  salt,  is,  in  aqueous  solution,  dissociated  to  a large 
extent  into  ions  (p.  246).  The  total  heat  evolution  consists,  therefore, 
of  the  heat  of  dissociation  of  the  hydrofluoric  acid  and  of  the  heat  of 
formation  of  water  from  hydrion  and  hydroxidion.  The  latter  reaction 
. gives  a heat  development  of  57  kj ; the  excess,  68  - 57  = 1 1 kj,  is,  there- 
fore, the  heat  developed  in  the  dissociation  of  hydrofluoric  acid  into 
ions. 1 * 

On  comparing  the  heats  of  formation  of  the  halogen  hydracids  with 
the  known  chemical  reactions  which  occur  between  these  and  the  free 
halogens,  it  is  found  that  there  take  place  between  them  those  reactions 
| which  are  accompanied  by  an  evolution  of  heat.  Thus,  chlorine  clis- 
i.  places  bromine  and  iodine  from  their  hydrogen  compounds,  and,  in 
aqueous  solution,  an  amount  of  heat  equal  to  164  - 118  = 46  kj  and 
8 164  - 55  = 109  kj  is  set  free.  Yery  nearly  the  same  evolution  of  heat 
is  found  in  the  case  of  the  salts  of  the  halogens,  because  the  heats  of 
neutralisation  of  the  three  acids  with  most  bases  are  equal,  and  their 
influence  is,  therefore,  cancelled. 

Similar  relations  can  be  frequently  observed,  and  have  given  rise 
i ' hhe  idea  that  one  can  predict  the  direction  of  the  corresponding 
i chemical  reaction  from  the  sign  of  the  “heat  effect,”  by  which  term 
.theie  is  understood  both  the  development  and  the  absorption  of  heat. 
Such  a theorem  would  contain  the  assumption  that  only  those  chemical 
reactions  can  take  place  which  develop  heat. 

Now,  although,  as  a matter  of  fact,  the  majority  of  the  known 
: chemical  reactions  take  place  with  development  of  heat,  there  are  not 
it,  °Wn  *n  which  the  opposite,  the  absorption  of  heat,  occurs,  so 
hat  the  temperature  of  the  reacting  substances  falls  spontaneously, 
ihe  attempts  to  attribute  the  absorption  of  heat  in  such  cases  to 
secondary  reactions  or  to  changes  of  the  physical  state,  have  failed,  for 
e ti  eience,  between  primary  and  secondary  reactions  is  just  as 
arbitrary  as  that  between  physical  and  chemical  changes  of  state.  On 


coutain'r.nm  6 hyrr0flu°Iic]  aci,d  is  somewhat  dissociated,  and  also  the  sodium  fluoride 
«ult,  but  nit  it,  gef.e.J S.SEtaT  " "S“'  some',,,*t  U“  ■>'™eric»l  value  of  l]„, 
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the  contrary,  the  conclusion  was  unavoidable  that  such  a thcoiem  can- 
not be  established,  since  it  is  in  contradiction  to  the  facts. 

* Xf  we  recall  the  statements  made  on  f).  208,  we  see  that  it  is  the 
difference  of  the  free  energy  that  determines  a chemical  reaction.  The 
differences  of  the  heats  of  formation,  however,  are  a measure  not  of  the 


changes  of  the  free  but  of  the  total  energy.  For  this  reason,  direct 


conclusions  cannot  be  drawn  from  the  one  set  of  figures  with  regard  to 
the  other  set. 

* So  far,  however,  as  determinations  have  been  possible,  the  aitter- 
ences  between  the  free  and  the  total  energy  are,  in  general,  not  great. 
One  may  conclude,  therefore,  with  a certain  degree  of  probability,  that 
in  those  cases  where  the  differences  of  the  total  energy  are  large,  the 
corresponding  differences  of  the  free  energy  will  have,  if  not  the  same 
value,  at  least  the  same  sign.  With  this  reservation,  it  will  certainly 
be  possible  to  draw  conclusions  as  to  the  direction  of  the  reaction  from 
the  sign  of  the  heat  of  the  reaction.  In  all  cases,  however,  in  which 
the  heat  of  reaction  is  small,  the  conclusion  becomes  doubtful. 

* One  case  in  which  a reaction  takes  place  spontaneously  with 
absorption  of  heat,  can  be  at  once  discussed  on  the  basis  of  the  table  ■ 
on  p 250  On  adding  a solution  of  hydrochloric  acid  to  a solution  of 
sodium  fluoride  an  absorption  of  heat  of  10  kj  occurs  This  is  due  to 
the  fact  that  in  this  case  the  ions  of  hydrofluoric  acid  fluondion,  and 
hydrion  come  together.  Hydrofluoric  acid,  now,  is  slightly  dissociated 
in  solution ; its  ions,  therefore,  must  combine  whenever  they  come ! 
together  This  combination,  however,  is  accompanied  by  an  absorp- 
tion of  heat,  for  the  dissociation  of  hydrofluoric  acid  into  its  ions, 
as  we  have  just  seen,  develops  heat.  Since  the  other  ions,  viz. 
chloridion  and  sodion,  remain  unchanged  in  the  experiment,  no  o lei  i 
causes  of  a heat  effect  exist,  and  the  reaction  takes  place,  as  observation 

shows,  with  absorption  of  heat.  . , ■ . 

* Since  in  this  reaction  undissociated  hydrofluoric  acid  is  chief!} 

formed,  the  process  was  formerly  interpreted  as  if  the  '-weaker  hydro- 
fluoric  acid  is  displaced  from  its  compound  with  sochum  by  the  stronger 
hydrochloric  acid.”  As  the  above  consideration  shows  the  impeilm  . 
cause  lies  not  so  much  in  the  hydrochloric  acid  as  m the  hydrofluoric, 
acid  the  slight  dissociation  of  which  conditions  the  reaction.  This 
can, ’it  is  true,  take  place  only  in  the  presence  of  a ‘ strong  acid 
such  an  acid  is  one  that  is  to  a large  extent  dissociated  into  its  ions,- 
and  only  such  an  one,  therefore,  can  yield  the  requisite  amount 

hydrion. 


CHAPTER  XII 


SULPHUR  AND  ITS  COMPOUNDS 
A.  Sulphur 

1 1 General. — The  solid,  yellow,  easily  fusible  and  combustible  substance 
- well  known  by  the  name  of  sulphur,  is  an  element  in  almost  the  pure 

• state.  It  occurs  fairly  widely  distributed  in  nature  in  the  form  of 
elongated  octahedral  crystals  of  a honey-yellow  colour.  The  occur- 

i rence  of  sulphur  is  especially  connected  with  volcanic  phenomena.  The 
whole  consumption  of  sulphur  in  Europe  has  for  a long  time  been 

I supplied  by  Sicily.  At  the  present  day  large  quantities  of  free  sulphur 

I I are  also  obtained  from  compounds  of  sulphur  which  are  exceedingly 
i abundant  in  nature. 

Forms  of  Sulphur. — The  sulphur  of  commerce  has  the  appear- 
1 ance  of  slightly  conical  rods,  the  form  of  which  is  due  to  the  fact  that 
f fclle  liquid  sulphur  has  been  poured  into  wooden  moulds  and  allowed  to 

• cool.  If  a stick  of  sulphur  be  broken,  cavities  are  frequently  found  in 
r the  inteiior  lined  with  crystals.  These  have  a different  appearance 

from  the  naturally  occurring  sulphur,  for  they  exhibit  oblique,  prismatic 
forms  which  have  no  similarity  to  the  octahedra  of  the  native  sulphur, 
i On  closer  examination,  however,  they  are  found  to  be  pseudomorphs,  i.e. 

crystals  having  only  the  external  shape  but  not  the  inner  character  of 
I this  crystalline  form. 

The  fact  is  that  sulphur  is  capable  of  existing  in  several  different 
solid  forms.  If  it  be  allowed  to  crystallise  at  temperatures  of  100°  or 
over,  it  forms  the  oblique  prisms  mentioned  above.  If,  however,  it 
i crystallises  at  low  temperatures  it  appears  in  the  same  octahedral  forms 
as  the  naturally  occurring  sulphur. 

Crystallisation  from  the  Fused  Mass.  — These  phenomena 
can  be  readily  observed  by  melting  a fairly  large  quantity  of  sulphur 
say  1 kilogm.,  by  gentle  heating  ; fusion  takes  place  at  120°.  If  the 
Miqmd  be  now  allowed  to  cool,  the  temperature  falls  most  rapidly  at 
he  sides  of  the  vessel  and  at  the  surface.  In  these  regions  crystals  are 
formed  and  grow  inwards  into  the  central,  liquid  portion.  If,  after 
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a short  time,  the  surface  crust  of  solid  sulphur  be  broken  and  the  i 
liquid  portion  poured  out,  the  crystals  which  have  been  foimed  will  be 
exposed  and  a large  number  of  them  will  be  found  on  breaking  the 
mass  of  sulphur. 

For  a short  time  after  they  have  been  formed,  these  crystals  are  of  ■ 
an  amber-yellow  colour  and  can  be  bent  slightly  without  breaking. 

On  the  following  day,  the  appearance  of  the  crystals  has  considerably 
changed ; they  have  assumed  the  lemon-yellow  colour  of  the  ordinary 

roll  sulphur  and  have  become  brittle. 

Crystallisation  from  Solution.— If,  on  the  other  hand,  sulphur 
be  dissolved  in  a suitable  solvent,  the  best  being  carbon  disulphide  ■ 
(p.  230),  and  the  liquid  be  allowed  to  evaporate,  crystalline  sulphur 
also  separates  out.  This,  however,  has  the  octahedral  forms  of  natural 
sulphur  and  undergoes  no  change  on  being  kept  at  room  temperature. 

If  however,  the  octahedral  sulphur  (natural  or  artificial)  be  heated  I 
to  temperatures  of  over  100°,  without  being  melted,  it  also  becomes- 

cloudy  and  brittle. 

The  Regions  of  Stability. — The  above  phenomena  are  due  to<* 

the  fact  that  to  each  of  the  two  forms  of  sulphur  there  corresponds  a. j 
range  of  temperature  in  which  the  one  form  is  stable,  but  in  whic  e j 
other  form  is  unstable  and  is  converted  into  the  former.  The  range 
of  the  octahedral  sulphur  extends  from  low  temperatures  up  to  96 
that  of  the  prismatic  sulphur  from  96°  to  120,  its  melting  pom  j 
Below  96°,  prismatic  sulphur  is  unstable  and  passes  into  octahedral, 
above  96°,  octahedral  sulphur  is  unstable  and  passes  into  prismatic. 

These  relations  show  a very  great  similarity  to  the  reoprocahj 
transformation  of  ice  and  water,  or,  generally,  to  fusion  and  solidifi-i 
cation  As  in  those  cases  so  also  in  the  present,  there  is  a temperature , 
above  which  only  the  one  form,  and  below  which  only  the  other  form 
is  stable.  On  passing  this  point,  therefore,  the  one  form  passes  m£ 
the  other,  and  only  at  this  one  temperature  can  the  two  foims  exist* 


together. 


Influence  of  Pressure  on  the  Point  of  Transition.  ( j 

sidering  that  we  are  dealing  here  with  a smgle  substance  we  sha 
expect,  in  accordance  with  the  phase  law  (p.  1 7 ),  t la  >eie  " 
only  one  temperature  and  one  definite  pressure  at  which  three  ph^eai 
can  exist  side  by  side.  At  96°,  these  phases  are  octahedral  sulphur  J 
prismatic  sulphur,  and  sulphur  vapour.  If  we  exclude  the  vapour,  tu 
presence  of  which  determines  a definite,  very  small  pressure  t 

nprature  of  equilibrium  of  the  two  forms  of  sulphur  varies  with  the 
pressure  The  temperature  of  transition,  indeed,  is  raised  by  Pie"sU1 f 
Cause  the  prismatic  sulphur  occupies  a 

octahedral.  However,  as  in  the  case  o ice  and^KM  - ^ * > 


the  temperature  ot  equilibrium.  iu.  — , 

sulphur  behave  as  two  independent  substances.  Not  only  cry  e 
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line  forms,  but  also  the  density,  the  power  of  refracting  light,  the 
melting  point  and  all  other  properties,  are  different.  The  density  of 
prismatic  sulphur  is  P9G,  that  of  octahedral,  2‘07. 

The  prismatic  crystals  obtained  from  the  fused  sulphur,  and  which 
have  become  opaque,  have  the  density  2'07,  the  density  of  the 
octahedral  form.  This  is  the  simplest  proof  that  they  have  really 
become  converted  into  octahedral  sulphur.  We  have  the  reverse 
phenomenon  in  the  case  of  the  octahedral  sulphur  transformed  by  heat- 


ing. 


Suspended  Transformation. — Just  as  water  can  be  cooled 
below  0 without  solidifying  to  ice,  the  temperature  of  transformation 
of  the  two  forms  of  sulphur  can  be  overstepped  from  both  sides.  If 
octahedral  sulphur  be  rapidly  heated,  it  melts  at  115°,  which  is  its  true 
melting  point.  If,  however,  it  be  slowly  heated,  so  that  it  has  time  to 
undergo  transformation,  fusion  is  observed  at  120°,  the  melting  point 
of  prismatic  sulphur.  ° 1 

Enantiotropy  and  Monotropy. — A comparison  of  the  behaviour 
of  the  two  forms  of  sulphur  here  described  with  the  two  chlorides  of 
iodine  (p.  238),  reveals  an  essential  difference.  Whereas  in  the  case  of 
the  chlorides  of  iodine,  only  the  one  form  is  stable  and  the  other  is 
unstable,  in  the  case  of  sulphur,  both  forms  are  stable,  each  one  being 

f staWe  ln  lts  own  range  of  temperature  and  unstable  in  the  ran°-e  of 
temperature  of  the  other.  G 

[ . The  difference  lies  in  the  fact  that  in  the  case  of  sulphur,  the  melt- 
nig  Pomfc  of  the  more  readily  fusible  form  is  above  the  temperature  of 
transition  at  which  the  stability  of  the  two  forms  changes,  whereas  in 
Jthe  case  of  the  chlorides  of  iodine,  the  less  stable  form  melts  before 
The  temperature  of  transition  is  reached. 

Substances  like  iodine  monochloride,  which  can  undergo  transform- 
ation only  m one  direction,  are  called  monotropic,  and  those  which  like 
sulphur,  can  change  in  both  directions,  enantiotropic. 

_ Other  Forms  of  Sulphur. — Other  crystalline  forms  of  sulphur 
differing  from  the  two  already  described  in  form  and  in  other  proper- 
lies,  can  be  obtained  by  strongly  heating  small  quantities  of  sulphur 

J"ferB  r^8tl  to  cool  rap,dly.  They  are,  however,  all  unstable  with 
eference  to  the  octahedral  and  prismatic  sulphur,  and,  according  to  the 

• 3?h  f PaSS  Tt  the  °"e  0ther  °f  these-  In  aspect  of  these 
torm^  therefore,  sulphur  is  monotropic. 

W e need  not  here  describe  these  forms  in  greater  detail,  as  they 
on  y of  rare  occurrence  and  have  only  a passing  existence. 

>/•  salXm  T av/°  bfn,kf0Wn  f°r  a long  time  in  the  form  of  flow** 

LchUn,  d Ti M °f-  SUl&T-  TheSe  tW0  kinds  of  sulphur  are  not 
,f  d Ms  on  nf  if  SC16T  SenSe’  but  rePresenfc  only  Peculiar  states 

>f«er  being  ke^t Z fae"-  C,‘iefly  °f  °Ctahedl'“'  SUlpl",r'  “ 
Flowers  of  sulphur  is  produced  in  the  distillation  to  which  sulphur 
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is  subjected  for  the  purpose  of  purification  (p  260)  So  long  as  the 
condensing  chamber  is  cold,  the  vapours  on  falling  down  solidify  in 
small  crystals,  and  sulphur  is  obtained  in  the  form  of  a yellow  powder 
which  has  been  known  from  the  time  of  the  alchemists  as  flowers  of 
sulphur.  The  powder  almost  always  contains,  however,  small  quanti- 1 

ties  of  amorphous  sulphur.  _ „ . ,.  . , , 

Bv  the  name  milk  of  sulphur  there  is  denoted  a very  finely  divided  l 

form  of  sulphur  which  is  precipitated  from  aqueous  solutions  in  certain 
Zc tions.  These  processes  will  be  described  later.  In  this  way 
sulphur  is  obtained  in  such  a fine  powder  that  it,  yellow  colour 
becomes  almost  invisible  and  it  emits  almost  entirely  white  surface  light 

in  13)  On  account  of  its  finer  state  of  division  and  correspondingly 
large  surface,  this  form  of  sulphur  more  readily  undergoes  chemical 
change  ; on  this  fact  depends  the  application  of  milk  of  sulphur  in 
medicine.  Milk  of  sulphur  does  not  differ  chemically  from  ordinary 

'"‘‘Liquid  Sulphur.  We  return  now  to  the  pmpertms  of^idphur 
As  already  mentioned,  prismatic  sulphur  melts  at  120  it  thereby 
changes  into  a light  yellow,  mobile  liquid  which,  on  cooling  solidifies 
aronce  to  prismatic  sulphur.  In  small  drops,  however,  and  by  exclud- 
‘ino-  particles  of  solid  sulphur,  liquid  sulphur  can  be  strongly  supen 
cooled.  It  then  exhibits  properties  quite  similar  to  those  of  supercooled 

water.  be  further  heated,  it  exhibits  very  remarkable 

phenomen"  1 WhJas,  in  general  with  rise  of  temperature,  the  mternri 
friction  of  liquids  decreases,  we  find  the  opposite  behaviour  in  the 

h lct  , r • { The  higher  the  temperature  rises,  the  moit 

case  of  liquid  sulphm.  The  tnghe  darker  i„  colour 

InTat  into  a dark  red  mass,  which  is  so  viscous  thm 

ana  at  i umide  down  without  it  running  out.  Ui 

liquid  again  and  light  in  colour,  and  solidifies,  finally,  P 
crystals.  Qnlnbur —Strongly  heated  sulphur  behaves  quit 

rubber,  and  is  called  anwyhms  sulphrm  form  is  nc 

solid  body.  On  the ^ other  han^  ^ fay  the  fact  that  amo 

^"irsublnces,  on  heating,  exhibit  a ce»U,»Ms  transition  ... 
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the  liquid  state  ; no  definite  melting  point  can  be  observed,  but  the 
internal  friction  continuously  decreases.  All  the  other  properties  also 
change  continuously,  until  a state  with  the  characteristic  properties  of 
a liquid  is  produced. 

Transformations. — The  amorphous,  viscid  sulphur  does  not 
remain  in  this  condition  at  ordinary  temperatures.  After  some  days, 
sometimes  also  only  after  a fairly  long  time,  it  changes  into  an  opaque, 
brittle  mass  which,  from  its  density,  proves  to  be  octahedral  sulphur. 

\\  e must  conclude  from  this  that  at  ordinary  temperatures,  the 
amorphous  sulphur  is  a less  stable  form  than  the  octahedral.  As  a 
matter  ot  fact,  the  latter  is  the  only  form  of  sulphur  which  is  stable  at 
room  temperature;  all  the  other  forms,  of  which  there  are  several 
besides  those  already  mentioned,  pass  in  course  of  time  into  octahedral 
sulphur.  This  is,  accordingly,  the  only  form  which  is  found  in  nature. 

The  fact  that  the  rapidly  cooled  sulphur  does  not  immediately  pass 
into  that  form  which  is  stable  at  the  existing  temperature,  but  that  it 
first  assumes  a less  stable  form,  is  a special  case  of  the  general  law  that 
when  changes  of  state  take  place  those  forms  are  usually  produced 
which  are  the  least  stable  of  the  forms  possible  under  the  existing  con- 
ditions (p.  207).  The  forms  first  produced  afterwards  change  into  the 
more  stable  ones,  when  this  becomes  possible.  The  velocity  of  this 
transformation  varies  greatly,  and  the  transformation  may  take  place 
in  the  fraction  of  a second  or  may  last  for  years  oV  centuries  The 
changes  in  the  properties  of  liquid  sulphur  with  the  temperature  which 
have  been  described,  lead  to  the  conclusion  that  sulphur,  in  the  liquid 
as  in  the  solid  state,  can  assume  different  allotropic  forms.  It  has 
hitherto  not  been  possible  to  prepare  these  forms  in  the  pure  state  and 
to  characterise  them. 

• . E^iments.-On  account  of  the  variety  of  its  forms,  sulphur 
is  specially  well  adapted  for  a study  of  the  reciprocal  relations  and  con- 
ditions of  stability  of  different  forms  of  the  same  substance.  These 
relations  can  be  observed  in  a very  instructive  manner  by  melting  a small 
m a tube  about  2 cm-  wide>  exhausting  the  tube,  and 

.„i  °*yllghtIy  heaUng  the  spot  where  the  sulphur  is  situated,  the  latter 
U es  off  vapour,  and  on  the  colder  parts  of  the  tube  drops  (not  crystals) 
ofsuiphur  are  deposited,  although  the  temperature  is  there  much  below 

teCe!  ^ ^ lGSS  SfcaWe’  ^ 

jp_  If  the  tnbe  be  allowed  to  remain  in  this  state  for  some  hours  and  the 

found  Mdr0PSf^  a knS’  the  Allowing  appearance  is 

a ' ^ ^ of  the  drops  still  remain  liquid,  as  can  be  seen  from  their 

- ansparency ; others  have  solidified  to  crystals.  Where  a crystal  has 

ES  18  qUmlkly-eTirCled  * * clear  ring,  the  surrounding Irons 
TvsMian?S'  l ?;bls.ls  due  t°  the  fact  that  the  vapour  pressure  of  the 
,•  ystallised  sulphur  is  smaller  than  that  of  the  liquid  at  the  same  tem- 

s 
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perature  For  the  crystalline  form  is  the  more  stable  of  the  two,  and 
must,  in  accordance  with  the  considerations  put  forward  on  p.  132,  also 
have  the  smaller  vapour  pressure.  Sulphur  distils,  therefore  from  the 
drops  to  the  crystals,  and  the  former  disappear  from  the  neighbourhood. 

Occasionally,  also,  other  regions  are  seen  in  the  tube  where  no 
crystal  has  formed,  but  where,  nevertheless,  the  formation  of  a halo 
'is  found.  On  closer  examination  of  such  a spot,  it  is  seen  that  the 
centre  of  the  clear  space  is  occupied  by  a drop  which  is  larger  than  those 
surrounding  it.  In  accordance  with  the  reasoning  just  applied,  we 
must  conclude  that  larger  drops  of  sulphur  have  a smaller  vapour 
pressure  than  small  ones.  This  also  is  the  case,  and  follows  from 
perfectly  similar  considerations. 

Thus  on  bringing  two  drops  into  contact,  they  unite  with  a cer- 
tain force  and  form  a single  drop.  This  union  takes  place  in 
consequence  of  the  surface  tension  of  the  liquids,  by  virtue  of  vhich 
a liquid  tends  to  assume  that  shape  which  has  the  smallest  possible 
free  surface.  In  the  case  of  large  masses  of  liquid,  the  surface  tension 
is  small  compared  with  the  influence  of  gravity  ; in  the  case  of 
small  quantities  of  liquid,  however,  it  is  the  determining  factor  and  isk 

the  cause  of  the  spherical  shape  of  the  drops.  , 

Now,  the  surface  of  the  sphere  formed  by  the  fusion  of  two  drops 
is  smaller  than  the  sum  of  the  two  spherical  surfaces  before  the 
union  Since  th6  surface  tension  tends  to  diminish  the  surface  there 

exists  also  the  tendency  to  form  a large  drop  from 
This  tendency  exerts  itself  in  all  ways  in  which  the  object  can  be. 
at  ained  Since  it  can  also  be  attained  by  distillation,  the  cause  of 
the  distillation,  viz.  the  difference  of  the  vapour  pressure,  must  be. 
““is ’tendency  is  given  effect  tee  C 

small  drops,  therefore,  must  be  greater  than  that  of  large  diops, 

6XP  Tfthe  t ubewith  the  deposits  of  liquid  and  solid  sulphur  at  van|| 
narts  be  allowed  to  remain  undisturbed  for  a fairly  long  time,  the 
C^ali  d*  end  ^ g- 

ttae  exists  the  tendency  to  make  the  surface  as  small  as  possible  o, 
^ -^the  same  considerations  hold l as  ta £ 

„ Tf  n o-lnss  nlate  such  as  is  used  as  an  object  s _ 
lSecSoSpic  purposes,  be  held  ^ 

avoid6evapoi^tion)01be^placed1on  thm  and  , 

cover-glass,  exactly  the  same  phenomm a of  halo  , 

the  consumption  of  the  less  stai  ' j t demonstrate 

observed.  This  experiment  serves  at  the  same  tune 
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the  solubility  of  sulphur  in  these  liquids,  a solubility  that  is  so 
small  that  it  has  not  been  possible  in  any  other  way  to  observe  or 
| to  measure  it. 

Applying  these  considerations  to  the  conditions  of  transformation 
of  the  octahedral  and  prismatic  sulphur,  we  can  draw  the  following 
conclusions.  The  solubility  of  the  former  in  any  solvent  must,  below 
96°,  be  smaller,  and,  above  96°,  be  greater,  than  that  of  the  prismatic. 

S Consequently,  the  solubility  at  96°,  the  point  of  transition,  must  be  the 
same  for  both  forms.  All  this  has  been  confirmed  by  experiment. 

Since  the  considerations  on  which  these  conclusions  are  based 
are  general,  the  law  can  be  enunciated  for  all  allotropic  forms  that 
the  less  stable  forms  must  be  more  soluble  than  the  more  stable,  and 
that  at  the  point  of  transition  the  solubility  of  the  two  must  be  equal. 
Useful  application  of  this  law  can  be  made  in  cases  where  the  trans- 
formations are  difficult  to  observe. 

Sulphur  Vapour. — A similar  variety  of  conditions  is  shown  by 
sulphur  in  the  vaporous,  as  in  the  solid  and  liquid  form.  At  temper- 
atures in  the  neighbourhood  of  the  boiling  point,  the  molar  weight  of 
sulphur  vapour  is  220 ; the  higher  the  temperature  is  raised,  the 
smaller  does  the  molar  weight  become,  until  at  1000°  it  has  fallen  to 
64,  and  at  still  higher  temperatures  it  retains  this  value.  These 
numbers  are  for  atmospheric  pressure.  If  the  vapour  of  sulphur  is 
investigated  under  smaller  pressures,  it  is  found  that  at  a given  tem- 
' perature  the  molar  weight  is  all  the  smaller  the  lower  the  pressure, 
i This  variability  also  ceases  when  the  molar  weight  reaches  the  value 
64.  Sulphur  vapour,  therefore,  follows  neither  the  law  of  Boyle  nor 
that  of  G-ay  Lussac,  and  only  when  the  molar  weight  has  become 
equal  to  64  does  it  behave  in  accordance  with  these  laws. 

A similar  behaviour  has  already  been  met  with  in  the  case  of 
iodine  (p.  231),  and  the  same  interpretation  of  the  phenomena  can  be 
applied  in  this  case,  i.e.  the  vapour  of  sulphur  exists  in  several  forms 
with  different  molecular  weights.  Since  the  combining  weight  of 
sulphui  is  32,  the  formula  S2  must  be  ascribed  to  the  vapour  which 
is  stable  at  the  high  temperature  and  low  pressure.  With  regard  to 
the  more  dense  form,  the  present  case  is  more  difficult  than  that  of 
,a  iodine,  in  so  far  as  no  region  is  known  in  which  the  density  is  con- 
stant Even  at  the  boiling  point  of  sulphur  we  are  in  the  region  of 
variable  vapour  density.  Since  the  highest  observed  value  of  the 

the  denser 
that  in  its 

sulphur  in 
mud  for  it. 
ty  that  the 
3 vapour  of 
possibility 


uensmy  amounts  to  H3U,  we  can  umy  cuncmue  li 
*0  'vapour  contains  more  than  six  combining  weights 

formula  ™ ..j-  i „ ° O’ 


formula  Sn,  n is  at  least  greater  than  6. 

I , From  determinations  of  the  molar  weight  of  dissoh 
u different  solvents  (cf.  p.  156),  the  formula  S8  has  been 
t'it  can  therefore  be  assumed  with  some  degree  of  probal 
flense11'  sulphur  vapour  also  has  the  formula  S„,  and  that 

' Vam1,le  density  consists  of  a mixture  of  S„  and  S„.  T 

- 8 
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that  other  kinds  of  sulphur  vapour  S„,  where  n is  a whole  number 
between  8 and  2,  are  present,  is  pretty  well  excluded  by  recent 

P With  reference  to  the  law  set  forth  on  p.  231,  it  follows  as  a ^ 
necessity  that  on  diminishing  the  pressure  the  less  dense  form  of  the 
vapour  So  should  be  formed  at  the  expense  of  the  more  dense  S8. 
From  the  fact  also  that  this  transformation  is  brought  about  by  eleva- 
tion of  temperature,  it  can  be  concluded  that  the  transformation  from 
S , to  So  takes  place  with  absorption  of  heat. 

Purification  of  Sulphur.— Use  is  made  of  the  changes  of  state 
which  sulphur  undergoes,  for  the  purpose  of  purifying  it  As  found 
in  nature,  it  is  usually  mixed  with  other  minerals,  clay,  and  sand.  In 
Sicily,  the  sulphur  ore  is  piled  up  in  a heap  furnished  with  air  chan- 
nels like  the  wood  pile  for  the  burning  of  charcoal,  and  is  set  fire  to. 
The  heat  produced  causes  the  sulphur  to  melt,  and  this  flows  away  in  i 
a fairly  pure  condition,  leaving  the  difficultly  fusible  impurities  behind. 
By  this  method  a loss  of  sulphur  is  incurred,  owing  to  the  combustion 
of  a portion  of  it,  but  this  is  by  far  the  cheapest  means  of  generating  : 

the  heat  necessary  for  the  melting  of  the  sulphur. 

To  completely  free  the  already  fairly  pure  sulphur  so  obtained 
from  all  non-volatile  impurities,  it  is  distilled  from  iron  retorts  am  e 
vapours  are  led  into  large  chambers  of  mason  work.  At  the  com- 
mencement of  the  distillation  these  chambers  are  cold,  and  the  sulphur  r 
vapours  condense  to  a fine  powder  of  sulphur  particles.  These  are  at 
first,  amorphous  (of.  p.  256),  but  soon  pass  for  the ‘greater . Pa,  t ““ 
the  crystalline  condition.  The  powder  is  in  part  collected  and  is 
placed  on  the  market  under  the  name  of  flowers  of  sulphur  (p.  -o  )•  - 
On  continuing  the  distillation  the  temperature  of  the  chamber  nses  I 
above  120°  and  the  sulphur  then  collects  in  it  in  the  liquid  state 

The  liquid  sulphur  can  be  run  off  through  an  opening  a Uhe  botom 
of  the  chamber.  It  is  collected  in  wooden  moulds  m which 
fies  in  rods  of  a slightly  conical  shape  known  as  roll  sulphur. 


* B.  Crystals 

General The  two  known  forms  of  solid  sulphur  differ  not  only  ill 

in  density  and  other  properties,  but  also  very  materially  in 

i-i  .refold  nnrl  the  o-eneral  question  arises,  therefore,  as  to  t . 1 

of  Crystalline'  form.  All  the  more  importance  atta<*eSf‘° ^staU  soUd 
from  the  fact  that  the  crystalline  form  is  a ] propel  ty  of  i 1 ' a„(, 

substances,  and  constitutes  a very  important  means  of  desenb  g 

^CSfiXlace  we  draw  the  distinction  ! 

«7  °f  changed  at  will,  j 

or  formed,  bince,  nowevei,  uuo  r , . r ^v  means 

some  other  more  general  characteristic  must  be  sought  for  by 

of  which  the  two  conditions  can  be  distinguished. 
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The  essential  nature  of  crystalline  bodies  is  found  in  the  fact  that 
their  properties  vary  in  a manner  depending  on  the  direction  in  apace. 
For  example,  a ball  of  glass  and  one  of  octahedral  sulphur,  on  being 
warmed,  will  behave  differently.  Whereas  the  glass  ball  remains  a 
sphere,  only  increasing  somewhat  in  size,  the  ball  of  sulphur  passes,  on 
being  warmed,  into  an  ellipsoid,  the  axes  of  which  have  a simple  rela- 
tion to  the  shape  of  the  crystal  from  which  the  ball  was  cut. 

Another  example  is  furnished  by  the  conduction  of  heat.  If  a 
glass  plate  be  covered  with  a layer  of  wax  and  the  point  of  a hot 
metal  cone  be  placed  on  this,  the  wax  is  melted  in  the  form  of  a 
circle,  because  the  heat  is  distributed  equally  quickly  in  all  directions. 
If  the  same  experiment  be  carried  out  with  plates  cut  from  crystals, 
the  melting  takes  place  not  in  circles  but  in  ellipses  whose  axes  have 
different  relative  lengths  according  to  the  position  of  the  plate  in  the 


original  crystal,  and  likewise  stand  in  a definite  relation  to  the  shape 
of  the  crystal. 

The  Crystalline  Forms. — By  the  name  crystal,  one  is  accustomed 
to  think,  in  the  first  instance,  of  the  regular  forms  which  substances 
assume  on  passing  into  the  solid  state,  and  which  can  so  often  be 
observed  in  such  exquisite  beauty  in  the  case  of  naturally  formed  solid 
I bodies.  The  examples  discussed  teach  that  these  forms  are  merely  a 
definite  expression  of  a much  more  comprehensive  regularity.  The 
forms  are  only  an  expression  of  the  general  fact  that  in  crystals  all 
properties  which  can  be  brought  into  relation  with  the  direction  in 
space  undergo  regular  variation  with  this  direction.  Of  the  pro- 
perties which  concern  us  here,  the  most  important  is  certainly  the 
external  shape,  since  it  is,  on  the  one  hand,  the  one  which  first 
torces  itself  on  the  observation,  and,  on  the  other  hand,  exhibits  the 
most  manifold  variety  to  be  met  with  in  the  case  of  crystals. 

tystalline  forms  have  the  general  property  that  they  are  bounded 
°n  ) y plane  surfaces.  If  one  examine,  however,  a group  of  simul- 
taneously formed  crystals  of  the  same  substance,  e.a.  a cluster  nf 


Fig.  77. 
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Closer  investigation  shows  that  although  the  outline  and  the  size 
of  the  faces  which  hound  the  crystals  change,  it  is  always  possible  to 
so  place  the  different  crystals  that  to  every  face  of  the  one  there  stands 
a face  of  the  other  parallel  to  it.  From  this  it  follows  that  the  angles 
at  which  the  various  corresponding  faces  of  two  crystals  meet,  are 
always  the  same.  Owing  to  one  or  other  of  the  faces  being  oimed 
relatively  near  or  relatively  far  from  the  middle  point  of  the  crystal, 
the  faces  cut  one  another  differently,  but  the  angles  between  them 

1 ^Further,  a cursory  examination  shows  that  the  crystals  are 
symmetrical  structures.  By  this  there  is  understood  that  different  faces 
occur  in  a crystal,  which  are  similar  to  one  another  and  are  repeated 
in  a regular  manner.  Thus,  for  example,  the  snow  crystals  figured 
on  P H O have  the  property  that  each  may  be  regarded  as  consisting  of 
three  similar  parts  arranged  round  the  centre  at  angular  distances  of 

1-0  The  Symmetry  of  Crystals.- All  the  regularities  exhibited  by 
crystals  cJ  be  deduced  on  the  basis  of  the  conception  of  s^metry.  ^ 
Three  kinds  of  symmetry  are  to  be  distinguishe  . 

that  which  exists  between  an  object  7^'“^  P 

the  mirror  is  called  the  plane  of  symmetry  of  the  structure. 

TZnl  kind  of  symmetry  arises  by  rotating  an  object  round  a . 
definite  axis  through  an  angle  equal  to  a simple  fraction  of  the  total 
rotation,  and  repeating  the  rotation  until  the  object  again  reaches  is 
on'p-inal  position  According  as  this  angle  is  2,  3rd,  ^ , ts 

theStotalProtation,  we  speak  of  a binary,  ternary,  quaternary,  or  senary 

axis  of  symmetry.  (Other  grades,  such  as  quinquenary,  septenarj , 

higher,  are  not  possible  in  crystals.)  ^mhination  of  the 

° The  third  kind  of  symmetry  arises  from  a u^b  "ct  is  b^ou^ht 
two  just  described,  by  rotation  and  reflection.  If  t ] * %0 

tST*  ^our  studies,  the  first  two  kinds  of 

and  by  combining  them  in  every  poss.ble  way,  thirty  two 

cases  are  obtained.  tn  one  of  these  cases, 

AH  the  crystals  which  occur co ^70“y™etry  a complete 
so  that  by  the  application  of  the  principle  o > 

system  of  all  possible  crysteUin^^  »^teine  . cases,  ^ 

ation  of  seven  of  the  larger  groups.  , e called  trichnic. 
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Crystals  with  one  plane  of  symmetry  are  called  monoclinic.  The 
simplest  form  is  the  parallelopiped  with  four  rectangular  and  tAvo 
oblique  angled  faces  (Fig.  79). 

Crystals  with  two  planes  of  symmetry  perpendicular  1 to  one  another 


2G4 


PRINCIPLES  OF  INORGANIC  CHEMISTRY  chap. 


The 


Crystals  with  a senary  axis  of  rotation  are  called  hexagonal. 
simplest  form  is  the  six-sided  right  prism  (Fig.  83). 

Crystals  with  three  binary  axes  of  symmetry  perpendicular  to  one 
another  and  also  ecpiivalent  are  called  regular.  Ey  equivalent  is  meant 
that  the  crystal  always  presents  the  same  shape  when  it  is  turned  so 
that  its  axes  of  symmetry  assume  positions  previously  occupied  by 
other  axes  of  symmetry.  The  simplest  form  of  the  regular  crystals  is 
the  cube  (Fig.  84). 

Derived  Forms. — Besides  the  simplest  forms  just  mentioned, 
there  are  many  others  derivable  from  them  geometrically,  which  obey 
the  laws  of  symmetry  valid  for  the  particular  kind  of  crystal. 

The  possibilities  which  arise  are,  however,  so  numerous  that 
they  cannot  be  treated  here.  We  shall,  however,  state  a law  which 
renders  their  mutual  connection  clear. 

Imagine  a large  number  of  small  crystals  of  one  of  the  simplest 
forms  mentioned  above,  and  all  of  the  same  size,  to  be  given.  By 

arranging  these  in  a regular 
manner,  other  forms  can  be 
built  up.  From  a number  of 
small  cubes,  for  example,  the 
form  shown  in  Fig.  85,  which 
is  known  as  an  octahedron, 
can  be  built  up.  It  is  only 
necessary  to  imagine  new  planes 
laid  through  the  corners  of  the 
cubes,  touching  these  corners, 
or,  what  amounts  to  the  same 
thing,  one  imagines  the  cubes  to 
be  so  small  that  the  unevenness 
caused  by  the  re-entrant  corners 
can  no  longer  be  noticed. 

The  law  in  question  states 
that  all  forms  occurring  in  different 
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crystals  of  a substance,  can  be  built  up  in  the  manner  described  from  small 
crystals  of  the  simplest  form,  the  conditions  of  symmetry  being  at  the  same  time  j 

observed.  . ..  . • - 

The  law  stated  here  can  be  expressed  mathematically  in  varn  * 
ways.  What  we  have  said  will  be  sufficient  to  show  that  the  crystal- 
line  form  of  a given  substance  can  be  characterised  by  the  statemen 

of  the  simplest  form.  , 

The  Other  Properties  of  Crystals.— As  has  already  been, 

mentioned  on  p.  261,  all  the  properties  of  crystals  which  can  in  any 
way  become  dependent  on  the  direction  m space,  have  a regular 
orientation.  The  question  arises,  therefore,  whether  any  wnnec 
exists  between  the  external  shape  of  the  crystals  and  the  oi  len 
the  other  properties. 
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The  answer  is  that  such  a connection  certainly  exists.  It  can  be 
stated  thus : The  symmetry  in  the  arrangement  of  the  other  properties  is 
always  found  again  in  the  symmetry  relations  of  the  external  form. 

Let  us  take,  as  an  example,  a chemical  phenomenon  which  readily 
occurs  in  the  case  of  hydrated  crystals,  viz.  efflorescence.  This  consists 
in  the  water  evaporating  at  different  points  of  the  crystal,  a compound 
containing  less  water,  which  can  be  distinguished  from  the  main  por- 
tion by  its  different  colour,  remaining  behind  as  a powder.  If  the 
efflorescence  is  allowed  to  take  place  Avith  such  precautions  as  to  a\roid 
the  formation  of  detached  spots,  it  can  be  established  that  the  regions 
of  efflorescence  have,  in  the  most  general  case,  the  form  of  spheres  or 
ellipsoids.1  Further,  it  is  possible,  from  the  shape  of  the  crystal,  to 
predict  what  the  form  of  the  efflorescence  figure  will  be. 

If  the  crystal  is  regular,  the  efflorescence  figure  is  always  a sphere, 
for  in  regular  crystals  there  are  three  planes  of  symmetry  perpendicular 
to  one  another  and  equivalent.  Of  the  shapes  mentioned  as  occurring, 
the  sphere  and  the  ellipsoid,  the  sphere  is  the  only  one  through  A\rhich 
three  equivalent  perpendicular  planes  of  symmetry  can  be  laid. 

Ihe  crystals  of  the  trigonal,  quadratic,  and  hexagonal  systems  haAre 
one  axis  of  symmetry  in  Avhich  three,  four,  or  six  planes  of  symmetry 
lie.  An  ellipsoid  which  can  be  divided  in  this  way  must  be  a mono- 
1 axial  °ne»  an  ellipsoid  produced  by  the  rotation  of  an  ellipse  about 
one  of  its  axes.  This  axis  of  rotation  must  coincide  with  the  axis  of 
' symmetry  of  the  crystal,  since  it  is  only  in  this  way  that  the  ellipsoid 
can  be  divided  by  the  corresponding  planes  of  symmetry  into  from 
three  to  six  identical  portions. 

It  is  not  possible,  however,  to  distinguish  tri-,  tetra-,  or  hexagonal 
crystals  by  the  difference  of  the  ellipsoids  of  efflorescence.  For  a 
monoaxial  ellipsoid  may  contain  any  number  whatever  of  planes  of 
symmetry  laid  through  its  axes  of  rotation.  It  makes  no  difference, 
therefore,  whether  there  are  three,  four,  or  six. 

. Besides  the  monoaxial  ellipsoid,  there  is  the  triaxial.  It  is  pro- 
duced by  the  rotation  of  an  ellipse  about  one  of  its  axes,  the  other 
axis  being  lengthened  or  shortened  during  the  rotation,  so  that  its 
ends  (and  at  the  same  time  also  all  other  points  of  the  ellipse) 
describe  not  circles  but  ellipses.  Such  a form  has  three  planes  of 
symmetry,  aa  nch  are  determined  by  the  axes  of  the  generating  ellipses 
and  are  perpendicular  to  one  another. 

i , ^le  same  symmetry  relations  are  also  met  Avith  in  the  case  of  the 
i ombic  crystals.  It  is  to  be  expected,  therefore,  that  the  efflorescence 
onus  ot  the  rhombic  crystals  Avill  be  represented  by  triaxial  ellipsoids, 
nr  P ™°f  s^mmetlT  of  Avhich  coincide  with  those  of  the  crystalline 
his  conclusion  is  confirmed  in  every  case  by  experience. 

the  faoesCrnrwh^'l1,yt}!artS  °f  theS6  f°rnJ,S  can  be  observed>  viz.,  tl.eir  intersections  Avith 
same  crystal  1 tbe  spots  occur.  By  observing  the  spots  on  different  faces  of  the 
crystal,  however,  the  whole  efflorescence  figure  can  be  constructed. 
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In  the  case  of  monoclinic  crystals,  only  one  plane  of  symmetry 
exists.  Only  one  of  the  three  planes  of  symmetry  of  the  ellipsoid, 
therefore,  can  be  determined  by  the  crystalline  form,  and  the  two 
others  are  indeterminate,  i.e.  they  lie  in  a manner  which  is  dependent 
on  the  nature  of  the  crystal  but  not  on  its  form. 

In  the  case  of  triclinic  crystals  there  is  no  plane  of  symmetry. 
The  ellipsoid  of  efflorescence  is,  therefore,  entirely  independent  of  the 

"h  l Generalisation.— What  has  just  been  stated  for  efflorescence, 
holds  also  for  many  other  properties  of  crystals,  viz.,  for  all  those 
whose  arrangement  in  the  crystal  can,  in  the  most  general  case,  be 
represented  by  a triaxial  ellipsoid.  Under  this  definition  come  the 
transmission  of  light,  of  heat,  of  electricity,  the  changes  of  form  by 
pressure  on  all  sides,  and  still  other  properties.  The  most  important  of 
these  is  the  transmission  of  light,  for  the  optical  properties  of  crystals  • 
have  been  subjected  to  a thorough  scientific  investigation,  and  aiemed 
for  the  identification  of  the  crystalline  system  m those  cases  where  the 
external  shape  gives  no  information  or  no  complete  information  It 
can  be  stated  generally,  that  every  optical  phenomenon  in _ a cry ^stal  ^i 
subject  to  the  symmetry  relations  explained  above,  and  that  from  the 
observation  of  the  nature  of  the  symmetry  of  any  optical  phenomenon . 
whatever,  a conclusion  can  be  be  drawn  as  to  the  crystalline  system,  . 

within  the  limits  stated. 


C.  Sulphuretted  Hydrogen 


The  Compounds  of  Sulphur. -Sulphur  is  capable  of  forming. 

compounds  with  almost  all  elements,  in  some  cases  in  very  different  < 
proportions.  More  especially,  all  metals  form  with  sulphur  c 
nounds  which  have  generally  a similar  composition  to  the  coir 
spending^ oxygen  compounds,  and  which  are  called  suedes.  Many 
of  these  occur  abundantly  in  nature  and  form  sources  for  obtaining 

*"e  ^"Ihu^forms  a number  of  acids  with  hydrogen  and 
oxygen,  the  chilf  of  these  being  sulphuric  acid.  The  sa'tsofthis 
“id  the  sulphates,  also  occur  widely  distributed  in  nature,  and  find 

in  a test-tube  and  stups  o 11  combines  with  the 

vapour,  the  copper  becomes  incandescent  and  combines 
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sulphur,  also  forming  a black  compound.  Metallic  mercury  combines 
with  sulphur  even  at  room  temperature.  If  1 part  of  sulphur  be 
rubbed  together  with  6 parts  of  mercury  in  a mortar,  combination 
takes  place  with  formation  of  mercury  sulphide  of  a deep  black  colour. 
Likewise,  silver  combines  with  sulphur  even  at  ordinary  temperatures; 
silver  coins  and  other  objects  of  silver  rapidly  become  black  in  a 
pocket  in  which  sulphur  matches  have  lain,  the  small  quantities  of 
sulphur  present  combining  with  the  silver. 

Sulphuretted  Hydrogen. — Similarly  to  chlorine,  bromine,  and 
iodine,  sulphur  can  combine  with  hydrogen  to  form  an  acid,  which  is 
called  hydrogen  sulphide  or  sulphuretted  hydrogen.  At  ordinary 
temperatures  it  is  gaseous,  but  can  be  condensed  by  pressure  and  cold 
to  a liquid  which  boils,  under  atmospheric  pressure,  at  - 64°. 

The  molar  weight  of  sulphuretted  hydrogen  is  34  ; it  contains  32 
parts  of  sulphur  to  2 parts  of  hydrogen.  Since  the  combining  weight 
of  sulphur  is  32,  the  formula  of  sulphuretted  hydrogen  is  H.,S.  Unlike 
the  halogen  hydracids,  sulphuretted  hydrogen  contains  two  combining 
weights  of  hydrogen  replaceable  by  metals,  and  in  consequence  of  this 
: there  is  an  essential  difference  in  the  combining  power  of  this  acid. 

Dibasic  Acids. — If  we  consider  what  compounds  can  be  formed 
when  the  hydrogen  of  the  sulphuretted  hydrogen  is  replaced  by 
metals,  e.g.  sodium,  we  find  there  are  two  diffei’ent  salts  conceivable, 

. according  as  only  one  combining  weight  or  both  combining  weights  of 
hydrogen  are  replaced  by  metal.  Expressed  in  formulas,  we  should 
expect  the  compounds,  NaHS  and  Na.,S.  As  a matter  of  fact,  both 
compounds  are  known. 

To  distinguish  it  from  the  acids  which  contain  only  one  combining 
weight  of  replaceable  hydrogen,  which  can,  therefore,  react  with  only 
one  combining  weight  of  a base  to  form  a salt,  and  which  are  called 
monobasic  acids,  sulphuretted  hydrogen  is  called  a dibasic  acid. 
Generally,  a dibasic  acid  is  one  which  contains  in  a mole,  two  com- 
bining weights  of  replaceable  hydrogen. 

The  salts  of  dibasic  acids  in  which  both  hydrogens  are  replaced  by 
metals,  are  called  neutral  or  normal  salts.  Salts  which  contain  only 
one  combining  weight  of  metal  along  with  one  hydrogen,  and  which, 
therefore,  still  contain  the  characteristic  component  of  acids,  hydrogen, 
are  called  acid  salts. 

The  former  are  also  called  secondary  and  the  latter  primary. 
Further,  they  are  designated  by  using  the  Greek  numerals  mono-, 
and  di-,  which  refer  to  the  number  of  combining  weights  of  metal 
(not  of  hydrogen)  present ; monosodium  sulphide  is  the  salt  NaHS, 
disodium  sulphide,  Na2S.  Finally,  compounds  containing  the  group 
fHS  are  called  hydrosulphides;  NaHS  is  sodium  hydrosulphide.  All 
these  terms  are  in  use  side  by  side. 

The  Ions  of  Dibasic  Acids. — Whereas  monobasic  acids  can 
I dissociate  into  ions  in  only  one  way,  two  different  reactions  are 
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possible  in  the  case  of  the  dibasic  acids,  yielding  two  difleient  kinds 
of  anions.  The  dissociation  occurs,  in  the  first  place,  according  to 
the  equation 

H.7A  = H’  + HA', 

I ijM 

where  A is  the  divalent  anion  of  the  acid.  That  is  to  say,  a 
monovalent  anion  HA'  is  formed  along  with  hydrion.  This  process 
corresponds  exactly  to  the  ordinary  electrolytic  dissociation  of  the 
monobasic  acids. 

A new  reaction,  however,  then  occurs,  viz.: — 

HA'  = H‘  + A", 

the  monovalent  anion  undergoing  a further  dissociation  into  hydrion  jj 
and  the  divalent  anion  A".  The  reaction 


H2A  = 2H’  + A", 

which  might  be  regarded  as  that  directly  taking  place,  can  be 
conceived  of  as  the  result  of  two  processes  occurring  one  after  * 

the  other.  „ . , . , I 

The  aqueous  solutions  of  such  acids,  therefore,  always  contain  two  > 

kinds  of  anions,  and  the  different  acids  are  distinguished  by  the  extent 

to  which  the  one  or  other  process  takes  place.  _ j 

The  dissociation  of  a dibasic  acid  into  its  ions  always  begins  with  t 
the  first  reaction.  If  the  acid  is  not  very  strong,  this  process  grea  y I 
predominates,  and  the  second  stage  of  the  dissociation  takes  place  only 
iii  a slight  degree.  In  other  words,  such  acids  behave  exactly  li  e i 
monobasic  acids,  dissociating  into  hydrion  and  a monovaleiit  amon 

On  the  other  hand,  if  the  acid  is  very  strong,  the  ion  H A fuither 
dissociates  into  H'  and  A",  and  the  solution  mil  principally  contain 

this  divaient^iom  ^ ^ add  salt  of  a wea1c  dibasic  acid,  having  the 

formula  MHA,  forms  the  ions  M‘  and  HA',  and  as  the  latter  possesses  - 
the  power  of  dissociation  only  in  a slight  degree  only  a small PJft  o« 
the  ions  HA'  dissociate  further  into  A"  and  H . The  acid  salt,  here 
fore,  has  only  a slight  acid  reaction,  and  behaves  approximately  like 

neUS"  however,  we  have  a salt  of  a strong  dibasic  acid,  the  ions  M' 
and  Hi'  are,  it  is  true,  first  formed,  but  the  latter  undergoes  fuither 
dissociation  into  the  ions  H'  and  A".  The  solution  of  such  a sa 
contains  the  ions  A",  M‘,  and  IF.  Hydrion,  therefore,  is  Pre®ent  |* 
comparatively  large  amount,  and  the  solution  behaves  principally  like 

itfxamplTthe  first  case  is  afforded  by  sulphuretted  hydrogen  i 
we  shall  soon  find  in  sulphuric  acid  an  example  of  the  second ^ ^ 
ff  qu  dissolving  the  neutral  salt  M2A,  the  ions  --  * 

directly 'formed,  and  in  the  ease  of  strong  acids  the  matter  rests  there. 
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In  the  Cease,  however,  of  a dibasic  acid  in  which  the  second  dissociation 
is  only  slight,  a reverse  action  appears.  Since  the  ion  AH'  is  much 
more  stable  than  the  ion  A",  there  is  a tendency  for  the  former  to  be 
produced  at  the  expense  of  the  latter.  The  hydrion  which  is  present 
in  small  amount  through  the  dissociation  of  the  water,  is  drawn  upon 
to  form  this  ion  according  to  the  equation  A"  + H‘  = HA'.  Hydrion 
is  thereby  used  up,  and  the  corresponding  amount  of  hydroxidion 
remains  over.  This  is  a process  very  similar  to  that  of  the  hydrolysis 
of  the  salts  of  weak  monobasic  acids  (p.  247),  the  effect  of  which  is  also 
that  an  excess  of  hjMroxidion  is  finally  present.  The  solution,  there- 
fore, acquires  an  alkaline  reaction ; it  turns  red  litmus  paper  blue,  and 
phenolphthalein  red. 

The  Salts  of  Sulphuretted  Hydrogen.— The  above  difference 
can  be  very  clearly  observed  in  the  case  of  sulphuretted  hydrogen. 
The  “acid”  salts,  e.g.  NaHS,  in  aqueous  solution,  behave  neutral  to 
litmus ; the  normal  salts,  e.g.  Na.2S,  however,  react  strongly  alkaline. 
This  is  due  to  the  fact  that  HS'  behaves  as  an  extremely  weak  acid. 
In  the  solution  of  the  sodium  salt  NaHS,  the  ion  present,  HS',  is  so 
slightly  dissociated  that  the  reaction  of  the  hydrion,  the  reddening  of 
litmus,  is  not  visible.  In  the  solution  of  the  normal  salt,  hydrolysis 
( vide  supra)  occurs  to  a large  extent,  according  to  the  equation 

Na,S  + H,0  - NaHS  + NaOH, 
or,  taking  account  only  of  the  I'eaction  of  the  ions, 

S"  + H20  = HS'  + OH'. 

The  hydroxidion  formed  is  the  cause  of  the  turning  blue  of  red  litmus, 
or,  in  general,  of  the  alkaline  reaction. 

(*  The  relations  described  here  are  very  frequently  found,  and  vary 
only  with  the  relative  strength  of  the  dibasic  acids  Avith  respect  to 
their  tAvo  hydrogen  ions.  More  especially  is  hydrolysis  of  the  normal 
f salts  very  frequent  occurrence  in  the  case  of  dibasic  acids  of  medium 
strength.  Hence  arises  the  contradiction  that  the  salts,  Avhich,  on 
. account  of  both  hydrogens  present  being  replaced  by  metals,  are  called 
neutral  salts,  do  not  react  neutral  but  alkaline.  ” It  is  preferable, 
therefore,  to  use  the  term  normal  salts,  or  one  of  the  other  names 
given  on  p.  267. 

Preparation.  Sulphuretted  hydrogen  is  obtained  by  the  decom- 
i position  of  its  salts,  the  metallic  sulphides,  by  stronger  acids.  Thus, 

: it  can  be  obtained  from  the  two  sodium  salts  of  sulphuretted  hydrogen 
by  means  of  hydrochloric  acid,  according  to  the  equations 

Na.,S  + 2HC1  - 2NaCl  + H,S, 

NaHS  + HC1  = NaCl  + H2S. 

As  can  be  seen  from  the  second  equation,  the  acid  salt  is  the  more 
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economical  for  the  preparation  of  sulphuretted  hydrogen,  since  for  the 
same  amount  of  salt  oidy  half  the  amount  of  hydrochloiic  acid  is 

required.  . ...... 

On  account,  however,  of  its  cheapness,  iron  sulphide  is  generally 

used  instead  of  sodium  sulphide  for  the  preparation  of  sulphuretted 
hydrogen.  We  have  already  got  to  know  this  substance  as  the  pro- 
duct of  the  interaction  between  sulphur  and  iron  (p.  266) ; it  is  also 
prepared  on  the  large  scale  in  a similar  manner.  Under  the  influence 
of  hydrochloric  acid  the  following  reaction  takes  place  : — 

FeS  + 2HC1  = FeCl2  + H2S. 


The  iron  sulphide  consists  of  equal  combining  weights  of  iron  and 
sulphur ; the  symbol  Fe  denotes  iron.  On  comparing  the  formula  of 
this  compound  with  that  of  sulphuretted  hydrogen,  H2S,  it  is  seen 
that  one  combining  weight  of  iron  has  taken  the  place  of  tv  o com- 
bining weights  of  hydrogen.  Such  metals  are  called  divalent,  whereas  - 
metals  which,  like  sodium,  can  replace  only  one 
combining  weight  of  hydrogen,  are  called  rmw- 
valent.  Trivalent  and  polyvalent  metals  are  also  ■ 
known. 

Sulphuretted  hydrogen  is  prepared  and  used 
in  large  quantities  in  the  laboratory  on  account  of ! 
its  action  on  metallic  salts,  which  will  be  presently 
mentioned.  For  its  preparation  on  a compara- 
tively small  scale,  the  apparatus  described  on  p.  86 
can  be  used,  iron  sulphide,  in  large  pieces,  being; 
introduced  into  the  lower  part  and  decomposed  i 
with  hydrochloric  or  sulphuric  acid.  ''  here, 
however,  larger  quantities  of  sulphuretted  hydro- 
gen are  regularly  required,  the  apparatus  shown  in 
. Fi°\  86  will  be  found  serviceable. 

° This  consists  of  three  bottles  with  tubulures  at 
the  bottom,  placed  one  above  the  other.  From  t e 4 
top  bottle  a tube  passes  to  the  bottom  of  the 
middle  one,  and  from  the  neck  of  this  a tu]fe| 
carrying  a pinch-cock,  passes  to  the  lowest  bottle, 
which  is  filled  with  iron  sulphide.  The  su 
phuretted  hydrogen  is  led  away  through  a short 
tube,  also  fitted  with  a cock,  which  passes 

through  the  d»W^bor«lfl|k  acid  and  the 

two  cocks6  opened,  the  acid  firrt  flows 

this  it  passes  m drops  ^ e iHptmretted  hydrogen  is  here 

Jvott  and  caen  bltd  0°ff  through  the  second  tube  to  be  used  as 
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required.  When  no  more  gas  is  required,  the  delivery  tube  is  closed. 
The  acid  ceases  to  flow  into  the  lowest  bottle  on  account  of  the  excess 
of  pressure.  The  sulphuretted  hydrogen  produced  by  the  small 
amount  of  acid  which  is  still  in  the  lowest  bottle,  collects  in  the 
middle  bottle,  the  acid  being  forced  into  the  uppermost  bottle.  The 
apparatus  is  now  in  readiness  to  supply  any  quantity  of  sulphuretted 
hydrogen  at  any  moment. 

As  compared  with  the  Kipp  apparatus,  this  one  has  the  advantage 
that  the  full  effect  of  the  acid  is  obtained,  whereas  in  the  case  of  the 
Kipp  apparatus  the  fresh  acid  is  mixed  with  the  partially  spent,  its 
action  thereby  becoming  slow  and  incomplete. 

When  the  acid  in  the  top  bottle  is  used  up,  fresh  acid  is  filled  in, 
and  the  neutral  solution  of  the  iron  salt  contained  in  the  lowest  is  run 
off  through  the  bottom  tubulure.  One  charge  of  iron  sulphide  suffices 
for  many  fillings  of  acid. 

Properties. — Sulphuretted  hydrogen  has  an  extremely  unpleasant 
smell  of  rotten  eggs,  or  rather  rotten  eggs  smell  of  sulphuretted 
hydrogen,  this  gas  being  given  off  by  the  albumin,  which  contains 
sulphur,  in  the  process  of  putrefaction.  It  is  a rather  powerful  poison 
for  higher  organisms.  Certain  low  organisms,  however,  can  live  in 
the  presence  of  sulphuretted  hydrogen,  as  can  be  seen  from  the  fact 
that  the  process  of  putrefaction  in  which  the  gas  is  formed  is  a 
chemical  process  brought  about  by  micro-organisms.  Sulphuretted 

hydrogen  dissolves  in  water,  imparting  to  this  its  smell  and  a feeble 
acid  reaction.,  The  solubility  is  not  very  great.  One  volume  of 
water  absorbs  4 ‘4  volumes  of  the  gas  at  0°,  3 '7  volumes  at  10°,  and 
3 1 volumes  at  20  . At  atmospheric  pressure  and  room  temperature 
a solution  is  obtained  containing  1 mole  in  about  12  litres. 

The  Solubility  of  Gases. — In  most  of  the  cases  already  discussed 
of  the  absorption  of  gases  by  water,  chemical  changes  of  the  solute 
occiuied  along  with  the  process  of  solution,  so  that  the  process  was 
not  seen  in  its  simplicity.  In  the  case  of  sulphuretted  hydrogen  the 
chemical  phenomena  recede  to  such  an  extent  that  the  pure  process  of 
solution  remains  almost  uninterfered  with. 

The  greater  the  pressure  under  which  a gas  stands,  the  more  of 
it  issoh  es  in  a liquid,  the  amount  dissolved  being , in deed,  proportional 
to  the  pressure.  This  law  was  discovered  by  Henry  in  1803,  and  is 
called  after  him. 

Since  the  amount  of  a gas  which  is  contained  in  a given  space  is 
a so  pioportional  to  the  pressure,  the  law  of  Henry  can  be  stated  in 
another  form,  viz.,  a liquid  always  dissolves  the  same  volume  of  a qiven  qas 
independent  of  the  pressure. 

This  form  of  the  law  allows  of  a simple  definition  of  the  solubility 
o a gas.  . This  may  be  defined  as  the  volume  of  the  gas  absorbed 

7 un,lt  of  volume  of  the  liquid,  and  we  obtain,  in  this  wav  a 
number  which  is  independent  of  the  pressure  ’ 
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Moreover,  the  solubility  depends  also  on  the  temperature,  becom- 
ing as  a rule,  smaller  as  the  temperature  rises.  This  is  connected 
with  the  fact  that  in  the  absorption  of  gases,  heat  is  in  most  cases 

developed  (p.  130).  . 

For  example,  the  solubility  of  oxygen  and  hydrogen  in  water  is 

^ -*  A A A * 1 . 2.  . . . . A i.  n i-  V.  /■  1 1 rtf,  f\  I If  Art  A*>  I ft 


small  • it  amounts  to  0 ‘01  - 0*03,  i.e.  one  litre  of  water  dissolves  only 


from  10  to  30  cc.  of  these  gases,  according  to  the  temperature,  so  that 
this  solubility  can  for  many  purposes  be  neglected.  In  the  case  of 
these  gases,  the  law  of  Henry  holds  with  the  same  degree  of  approxi- 
mation as  the  general  gas  laws.  The  more  soluble  the  gases  are  in 
water,  the  greater  are  the  deviations  from  the  law  of  Henry.  In  the 
case  of  sulphuretted  hydrogen,  the  solubility  of  which  at  room  tem- 
perature is  as  much  as  3,  the  law,  however,  still  holds.  Deviations  of  i 
importance  do  not  occur  until  the  solubility  exceeds  100.  _ J» 

* Relation  to  the  Law  of  Distribution.— On  comparing  this 
law  with  the  law  of  distribution  stated  on  p.  230,  a large  measure  of 
agreement  is  found.  The  law  of  Henry  can  also  be  stated  in  the  form, 
that  the  ratio  of  the  concentrations  in  the  gas  and  in  the  solution  has 
a constant  value.  For  the  concentration  in  the  gas,  or  the  ratio  of 
the  amount  to  the  volume,  is  proportional  to  the  pressure,  and  since 
the  amount  dissolved  is  also  proportional  to  the  pressure,  it  follows 
that  this  new  form  of  the  law  is  correct.  In  this  way  the  gas  space 
becomes  comparable  with  a solvent  or  a solvent  with  a gas  space  W e 
shall  soon  see  that  we  are  dealing  here  with  more  than  an  external 

smnlarity.  ^ ^ eagily  seen  that  the  law  of  distribution  is  a conse-i 
ciuence  of  the  law  of  Henry.  If  we  imagine  two  mutually  immiscible, 
liquids  simultaneously  brought  into  equilibrium  with  a gas  or  vapom- 
each  of  the  liquids  must,  in  the  first  place,  absorb  an  amount  of  the  gas. 
proportional  to  the  pressure.  If  p is  the  pressure  and  Oj  an  a2  i 
amount  of  the  gas  absorbed  by  the  solvent  St  and  S2  respectively  t 
under  the  unit  of  pressure,  the  amounts  absorbed  under  the  piessurep. 

are  va  and  pa,  respectively.  If  the  pressure  is  now  changed  to  P, 
aie  pax  jj  2 ^ r>..  In  both  cases  the  ratio  is  cq : a* 


these  amounts  are  Pax  and  Pa2. 

nickpendent  of^  of  the  theorem  that  what  is  in  equilibrium  ml 

one  way  is  in  equilibrium  in  every  way  (p.  132)  Let  us  imagine the 
solutions  to  be  prepared  not  by  the  saturation  of  each  of  *e  solven^ 
with  the  gas  but  by  absorbing  the  gas  in  one  liquid  and  shaki  g 
with  the  other.  In  this  ease  also,  equilibrium  can ‘ Xt  the  ^Tntm- 
gas  is  distributed  between  the*™ 

tl0Tnce, “nalV, 'in  appiying  the  to  of  Henry  there  is  «o  limi^n  *e 
side  of  small  pressures,  the  above  reasoning  can  be  applied  to » ^ “ 
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ably  small,  vapour  pressure,  so  that  the  law  of  distribution  has  to  be 
regarded  as  valid  for  all  substances.  This  is  also  found  by  experiment 
to  be  the  case  (p.  230). 

The  assumption,  however,  must  remain  fulfilled  that  the  substance 
which  is  distributed  undergoes  no  chemical  change  in  one  of  the  sol- 
vents. In  such  a case  the  law  of  distribution  no  longer  holds  (p.  230) ; 
but  the  law  of  Henry  also  loses  its  validity  (p.  271).  In  this  also  the 
close  connection  between  the  two  laws  is  seen. 

The  Strength  of  Sulphuretted  Hydrogen. — Sulphuretted 
hydrogen  is  not  a strong  acid.  It  can  be  readily  removed  from  its 
aqueous  solution  by  boiling  or  by  means  of  an  exhaust  pump,  a thing 
which  cannot  be  done  in  the  case  of  the  solutions  of  the  strong  gaseous 
acids,  such  as  hydrochloric  acid.  Its  salts,  also,  are  readily  decomposed 
by  other  acids,  as  is  evident  from  the  description  of  its  preparation. 

The  determination  of  the  electrical  conductivity  of  aqueous  solu- 
tions of  sulphuretted  hydrogen  yields  very  small  values,  from  which 
it  may  be  concluded  that  only  quite  a small  part  of  the  substance  has 
passed  into  ions,  the  greater  portion  being  present  as  undissociated 
sulphuretted  hydrogen.  When,  therefore,  disulphidion  and  hydrion 
come  together  in  solution,  they  at  once  combine,  with  the  exception 
of  quite  a small  residue,  to  form  undissociated  sulphuretted  hydrogen, 
and  if  the  concentration  of  this  is  greater  than  cori’esponds  to  the 
solubility  under  atmospheric  pressure,  the  gas  must  escape  in  the  form 
of  bubbles. 

As  a matter  of  fact,  in  the  evolution  of  the  gas  from  sodium 
sulphide  in  solution  and  hydrochloric  acid,  the  following  process  must 
be  assumed : — 

Na'2S"  + 2H-C1'=  2NaCT  + H2S, 

or,  since  on  both  sides  the  sodion  and  chloridion  remain  unchanged, 

S"  + 2H‘  = H2S. 

Theory  of  the  Evolution  of  Sulphuretted  Hydrogen  from 
: Iron  Sulphide. — How  are  we,  now,  to  view  the  evolution  of  the  gas 
from  hydrochloric  acid  and  iron  sulphide,  since  the  latter  is  generally 
regarded  as  insoluble  ? The  answer  is  that  the  iron  sulphide  is  not 

[insoluble,  although  it  is  only  very  slightly  soluble.  The  solubility, 
however,  is  sufficient  for  the-  formation  of  disulphidion  in  the  solution 
along  with  diferrion.  Then  the  reaction 

S"  + 2H'  = H2S 

takes  place,  more  iron  sulphide  dissolves,  and  these  processes  are 
I repeated  so  long  as  iron  sulphide  and  hydrochloric  acid  are  present. 
i.  Only  when  the  concentration  of  the  hydrion  has  become  very  small 
j and  that  of  the  diferrion  very  large,  is  a chemical  equilibrium 
established,  and  the  evolution  of  sulphuretted  hydrogen  ceases. 

T 
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As  is  evident  from  this  explanation,  the  possibility  of  generating 
sulphuretted  hydrogen  from  difficultly  soluble  metallic  sulphides, 
depends  essentially  on  the  solubility  of  these.  As  a mattei  of  lact, 
all  readily  soluble  metallic  sulphides,  without  exception,  give  the  re- 
action Of  the  metallic  sulphides  which  are  apparently  insoluble, — in 
reality,  however,  only  difficultly  soluble,— some  are  readily  decomposed 
by  hydrochloric  acid,  e.g.  manganese  sulphide,  iron  sulphide,  zinc  sul- 
phide; these  are  the  most  readily  soluble  of  the  difficultly  soluble 
sulphides.  Other  sulphides,  such  as  copper  sulphide,  silver  sulphide, 
and  mercury  sulphide,  are  so  slightly  soluble  that  the  process  described 
takes  place  only  to  an  inappreciably  small  extent.  These  metallic 
sulphides  are  not  decomposed,  but  can  remain  unchanged  in  the  pre- 
sence of  acids.  , , „ , *.1 

Analytical  Reactions  of  Sulphuretted  Hydrogen.— On  the 
same  relations  depends  the  application  of  sulphuretted  hydrogen  in 
analytical  chemistry.  Such  a process  as 


FeCR  + H2S  = FeS  + 2HC1, 


U the  decomposition  of  ferrous  chloride  by  sulphuretted  hydrogen, 
with  formation  of  iron  sulphide  and  hydrochloric  acid,  cannot  take  t 
place  in  aqueous  solution,  because  the  reverse  action  between  hydro- 
chloric  acid  and  iron  sulphide  takes  place,  with  formation  of  ferrous  i 
chloride  and  sulphuretted  hydrogen.  The  corresponding  reaction  can,  . 
however,  take  place  with  mercury 


HgCl-2  + H2S  = HgS  + 2HC1, 


for  mercury  sulphide  is  not  decomposed  by  hydrochloric  acid  If 
therefore  we  have  a solution  containing  iron  and  mercury  salts,  the: 
mercury  can  be  precipitated  as  almost  insoluble  mercury  sulphide  by , 
passing  in  sulphuretted  hydrogen  gas.  The  iron  salt  remains  unchang 
in  the  solution,  and  in  this  way  a separation  of  the  two  salts  can  be: 

^ Many  other  metals  behave  in  an  exactly  similar  manner.  Further, 
since  the  sulphur  compounds  generally  have  a conspicuous  colour - 
n 1 i i.rm.7T,  or  black — it  is  often  possible  to  tell  what 

‘A  \ic 'mesci’it  merely  from  the  appearance  of  the  precipitate. 
Sn  this  behaviour  depend  the  application  of  sulphuretted  hydrogen 
for  analytical  purpose!;  the  details  will  be  given  when  describing  .he 

'"^"dance  with  the  equation  given  on  p.  273, 


S"  + 2H'  = H2s, 


‘he—to" 

pCnt'  "cult  solubility  of  iron  sulphide  comes  into  evidence 
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when  diferrion  and  disulphidion  come  together  in  solution,  that  com- 
pound being  formed  according  to  the  equation 

Fe"  + S"  = FeS. 

This  occurs,  for  example,  when  a solution  of  sodium  sulphide  is  mixed 
with  one  of  ferrous  chloride — 

Na2'S"  + Fe"  CT2  = FeS  + 2NaCl'. 

For  this  reason  a black  precipitate  of  iron  sulphide  is  obtained  under 
these  conditions. 

Those  difficultly  soluble  metallic  sulphides  which  are  not  precipitated  from 
acid  solution  by  sulphuretted  hydrogen , can  be  precipitated  from  a neutral 
solution  by  sodium  sulphide,  or  similar  readily  soluble  sulphides.  This 
behaviour  is  also  made  use  of  in  analytical  chemistry. 

Sulphuretted  Hydrogen  as  a Reducing  Agent.— If  exposed 
to  the  air,  a solution  of  aqueous  sulphuretted  hydrogen  soon  becomes 
turbid  and  deposits  a white  precipitate.  The  liquid  which  remains  is 
pure  water.  The  process  consists  in  the  oxidation  of  the  sulphuretted 
hydrogen  by  the  oxygen  of  the  air — 

2H2S  + 02  = 2H20  + 2S. 

The  sulphur  separates  out  in  a state  of  very  fine  division,  and  has,  there- 
fore, the  white  colour  of  milk  of  sulphur  (p.  256). 

By  reason  of  this  power  of  combining  with  oxygen,  sulphuretted 
hydrogen  acts  as  a reducing  agent,  and  it  is  occasionally  used  for  the 
t purpose  of  removing  oxygen.  Similarly,  hydrogen  compounds  can  be 
prepared  with  the  help  of  sulphuretted  hydrogen. 

Preparation  of  Hydrogen  Iodide.— If,  for  example,  sulphuretted 
hydrogen  be  passed  into  water  in  presence  of  iodine,  the  following 
. reaction  takes  place  : — ° 

H2S  + 2I  = S + 2HI, 

or,  expressed  as  ions  : — S"  + 21  = S + 2 1'. 


t That  is,  from  sulphuretted  hydrogen  and  iodine,  hydrogen  iodide  and 

1 ?u  P lur  ar®  formed-  In  this  way  an  aqueous  solution  of  hydrogen 
iodide  can  be  easily  prepared. 

On  the  other  hand,  gaseous  hydrogen  iodide,  on  gently  heating,  acts 
on  sulphur  with  formation  of  iodine  and  sulphuretted  hydrogen  gas 
I he  cause  of  this  difference  lies  in  the  fact  that  in  the  former  case  the 
Hydrogen  iodide  dissolves  in  water  and  passes  into  its  ions.  The  ions 
[0t  ?ydnodlc  acid  are  much  more  stable  than  hydrogen  iodide  itself 
and  are  therefore  formed  under  the  above  conditions.  In  the  second 
case  no  water  is  present,  and  the  greater  stability  of  the  sulphuretted 

thaTcS^rmpar  "e  undissociated  hydrogen  iodide  causes  in 
mat  case  the  reversal  of  the  process. 
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Decomposition  of  Sulphuretted  Hydrogen  by  Heat.— 

Sulphuretted  hydrogen  itself  is  also  not  very  stable.  On  being  heated 
in  a red-hot  tube,  it  partially  decomposes  into  sulphur  and  hydrogen. 
On  the  other  hand,  sulphuretted  hydrogen  is  formed  under  the  same 
conditions  from  its  elements,  so  that  we  are  here  dealing  with  a chemi- 
cal equilibrium  according  to  the  equation 


H 


+ S^II2S. 


Combustion  of  Sulphuretted  Hydrogen.  — Sulphuretted 
hydrogen  readily  burns  in  the  air  with  a blue  sulphur  flame.  If  the 
o-as  contained  in  a cylinder  be  ignited,  the  walls  of  the  cylinder  ■ 
become  covered  with  a white  coating  of  sulphur.  This  is  due  to  the 
fact  that  the  hydrogen  of  the  sulphuretted  hydrogen  unites  much  more 
rapidly  with  the  oxygen  than  the  sulphur  does.  Therefore,  if  there  d 
is  a scarcity  of  air,  as  in  the  interior  of  the  cylinder,  only  the  hydrogen 
burns  and  the  sulphur  separates  out.  In  this  case  also,  the  sulphur  is- 
coloured  white  by  reason  of  its  state  of  fine  division. 

Analysis  of  Sulphuretted  Hydrogen.— That  sulphuretted 
hydrogen  contains  sulphur,  is  made  evident  by  the  experiment  justt 
described  ; the  presence  of  hydrogen  can  be  proved  by  converting  this  > 

into  water.  . . , . 

For  this  purpose  a metallic  oxide,  e.g.  mercury  oxide,  is  heated  in 

a current  of  dry  sulphuretted  hydrogen.  The  following  reaction  then 
takes  place  : — 


HgO  + H2S  = HgS  + H20. 


That  is  to  say,  mercury  sulphide  and  water  are  formed.  The  la  r 
can  be  easily  collected  in  a cold  receiver  and  identified  by  its  properties. 

Further  the  hydrogen  of  sulphuretted  hydrogen  can  he  set  fiee  by; 
metals.  For  example,  if  finely  divided  copper  is  heated  in  a current 
of  sulphuretted  hydrogen,  the  following  reaction  takes  place : 


H2S  + Cu  = CuS  + H2. 


That  is,  copper  sulphide  and  hydrogen  are  produced. 

This  property  of  decomposing  sulphuretted  hydrogen  with  forma- 
tion of  metallic  sulphide  belongs  also  to  the  noble  metals,  esPe^a1^ 
mercury  and  to  silver.  For  this  reason,  silver  objects  become  black  in 
contact  with  air  containing  sulphuretted  hydrogen.  To  the  same 
process  is  due  the  blackening  of  silver  spoons  which  come  into  contac  1 

Wltp^:nl^d:s.-WlS?  a solution  of  sodium  sulphide  is  brought 
together^ with  sulphur,  the  latter  dissolves  and  the  liquid  becomesd.u 
Pow  in  colour  By  evaporation  of  the  solution,  compounds.  1 
formulae  Na2S2  to  Na2S5  can  be  obtained  in  the  crystalline  state.  T 
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solutions  themselves  behave  quite  similarly  to  those  of  sodium  sulphide  : 
they  conduct  electricity,  and  are,  therefore,  to  be  regarded  as  salt 
solutions.  The  ions  are,  on  the  one  hand,  sodion  Na',  and,  on  the 
other  hand,  S2"  to  S5",  or  HS2'  to  HS5'. 

The  relations  are  similar  to  those  in  the  case  of  iodine,  where  the 
ion  Tcan  pass  into  the  brown  ion  1/  by  taking  up  two  further  combin- 
ing weights  of  iodine  (p.  235). 

^ Whether  all  the  ions  S2",  S3",  S4",  S5",  or,  HS/,  IIS/,  HS./,  HS/ 
respectively,  exist,  or  only  one  or  a few  of  them,  has  not  yet  been 
established. 

Hydrogen  Persulphide. — The  above  solutions  behave  differently 
when  acted  on  by  acids,  according  as  the  acid  is  added  gradually  to  the 
solution,  or  the  solution  poured  into  excess  of  acid.  In  the  first  case, 
sulphuretted  hydrogen  is  evolved  and  the  excess  of  sulphur  separates 
out  as  milk  of  sulphur  \ this  is  the  usual  way  of  preparing  milk  of 
sulphur,  sodium  sulphide,  however,  being  replaced  by  calcium  sulphide. 
The  reaction  takes  place  according  to  the  equation 

Na2S5  + 2HC1  = 2NaCl  + H2S  + 4S, 


when  the  pentasulphide  is  used,  and  in  a corresponding  manner  with 
the  other  sulphides. 

If,  however,  the  concentrated  solution  of  the  sulphide  be  added  to 
excess  of  hydrochloric  acid,  no  sulphuretted  hydrogen  escapes,  but 
oily  drops  separate  out  and  unite  to  a yellow  liquid.  This  has  the 
composition  H2Sn,  where  n lies  between  2 and  5.  It  is  called  hydrogen 
persulphide,  and  may  be  regarded  as  a mixture  of  the  acids  H9S9  to 
H2S-,  corresponding  to  the  salts  Na2S2  to  Na2S5. 

The  liquid  is  very  unstable,  readily  undergoing  spontaneous  de- 
composition into  sulphur  and  sulphuretted  hydrogen.  It  exhibits,  in 
this  respect,  some  resemblance  to  hydrogen  peroxide,  for  its  de- 
composition is  promoted  by  such  substances  as  mechanically  facilitate 
an  evolution  of  gas.  Differences  are  found  only  in  so  far  as  the 
hydrogen  persulphide  is  but  sparingly  soluble  in  water. 

Thermochemical  Data. — Sulphuretted  hydrogen  is  formed 
from  solid  rhombic  sulphur  with  development  of  11  kj ; on  solution  in 
water  further  19  kj  are  developed,  so  that  the  heat  of  formation  of  dis- 
solved sulphuretted  hydrogen  is  30  kj. 

I"  the  formation  of  hydrogen  persulphide,  an  absorption  of  heat 
equal  to  22  kj  accompanies  the  taking  up  of  the  first  atom  of  sulphur 
in  this  respect,  therefore,  there  is  a similarity  to  hydrogen  peroxide. 
u°  sulphur  is  dissolved  without  appreciable  heat  effect. 
e eat  of  neutralisation  amounts,  for  the  first  equivalent,  to  32 
J tor  the  second,  to  zero.  From  this  it  likewise  follows  that  the 
U .10n  consists  essentially  in  the  formation  of  the  salt  NaHS,  or  of 

ions  a + IIS , and  that  sodium  sulphide  in  dilute  solution  reacts 
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with  the  water  according  to  the  equation  Na2S  + H20  = 2Na  + HS 

+ OPT. 

Further,  it  follows  from  the  above  value  that  the  formation  of  the 
ions  IF  + HS'  from  dissolved  sulphuretted  hydrogen,  gives  32  - 57  = , 1 
- 25  Icj  ; that  is,  it  takes  place  with  strong  absorption  of  heat,  which 
is  the  opposite  of  what  takes  place  in  the  case  of  hydrofluoric  acid. 
For  the  equations 

(Na’  + OH')  aq.  + PI2S  aq.  = (Na  + HS'  ) aq.  + 32  Jcj 
OH'  + IF  = H20  + 57  lcj 

yield,  on  subtraction  of  the  lower  from  the  upper  and  omission  of  the 
like  terms, 

H2S  aq.  = (H’  + HS')  aq.  - 25  Jej. 


D.  Sulphur  Dioxide  and  Sulphurous,  Acid 

Composition. — In  the  combustion  of  sulphur  in  air  or  oxygen,  a 
«as  is  formed  which  has  the  well-known  pungent  smell  of  burning 

sulphur,  and  is  a compound  of  sulphur  with 

oxygen. 

If  the  combustion  is  carried  out  in  an 
enclosed  space  ( e.g . in  the  apparatus,  Fig.  8 1 ), 
it  is  found  that  the  volume  of  the  gas  is  not 
greatly  different  from  that  of  the  oxygen. 
Since  free  oxygen  is  02,  the  compound  which  is 
produced  in  equal  volume  must  also  contain 
two  combining  weights  of  oxygen. 

__  The  molar  weight  of  the  gas  has  been  found 

equal  to  64  or  somewhat  over  this,  according 
to  pressure  and  temperature.  It  contains,  .-i 
therefore,  along  with  2x16  = 32.  parts  of 
oxygen,  32  parts  or  one  combining  weight  of  sulphur,  and  its  formula 

lb  Physical  Properties.— Sulphur  dioxide  is  a gas  which,  even  at 
small  pressures,  exhibits  deviations  from  Boyle’s  law,  in  the  sense  d 
as  the  pressure  increases  the  volume  diminishes  more  than  proportion- 
ally  to  the  pressure.  Further,  it  can  be  liquefied  by  moderate  pressure 
and  cold.  At  atmospheric  pressure,  the  temperature  of  a freezing 
ture  of  ice  and  salt  is  sufficient;  if  sulphur  dioxide  be  passed  mtoa 
glass  surrounded  by  this  mixture,  it  condenses  to  a very  mobile  liquid 
t clear  as  water.  In  the  following  table  is  given  the  relation  between 

pressure  and  temperature : 

i As  , rule  the  volume  is  somewhat  smaller,  because  along  with  the  compound 
there  to  dsotnnrf  lie  SO;„  which  combine,  with  trace,  of  mo, stare  present,  forming. 

non-volatile  compound. 


Fie.  87. 
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Temperature. 

Pressure. 

Temperature. 

Pressure. 

-30° 

0*39  atm. 

+ 5° 

1*87  atm. 

-25° 

0-49  „ 

10° 

2*26 

i) 

-20° 

0-63  „ 

15° 

2*72 

»> 

-15° 

0-80  ,, 

20° 

3*24 

>» 

-10° 

1-00  „ 

25° 

3*84 

- 5° 

1-26  „ 

30° 

4*52 

f y 

0° 

1-53  „ 

40° 

6*15 

>> 

As  can  be  seen,  the  boiling  point  at  atmospheric  pressure  is  - 10". 
The  critical  magnitudes  are  : pressure  79  atm.,  temperature  157°. 

Liquid  sulphur  dioxide  is  now  placed  on  the  market  in  metal 
cylinders,  similarly  to  liquid  chlorine.  In  cases  where  large  quanti- 
ties of  the  substance  are  required,  the  use  of  such  cylinders  is  very 
convenient. 

Behaviour  towards  Water. — Sulphur  dioxide  dissolves  fairly 
abundantly  in  water.  At  higher  temperatures  the  solubility  follows 
to  some  extent  the  law  of  Henry.  At  room  temperature  one  volume 
of  water  dissolves  about  50  volumes  of  sulphur  dioxide. 

The  aqueous  solution  smells  strongly  of  the  gas,  which  can  be 
entirely  expelled  by  boiling.  Towards  litmus,  the  solution  shows 
the  reaction  of  an  acid  ; it  therefore  contains  hydrion.  Since  sulphur 
dioxide  does  not  contain  any  hydrogen,  the  acid  must  have  been 
produced  by  the  union  of  it  with  water,  and  therefore  have  the 
formula  S02  + nH20.  The  value  of  n cannot  be  ascertained  by  an 
analysis  of  the  liquid,  since  this  contains  excess  of  water.  If,  how- 
ever, the  liquid  be  neutralised  with  caustic  soda  and  the  sodium  salt 
of  the  acid  present  prepared  by  evaporation,  this  is  found  to  have 
the  composition  Na.,SOr 

From  this  it  is  to  be  concluded  that  the  acid  has  the  composi- 
tion H2S03,  and  that  n=  1. 

Sulphurous  Acid..— This  acid,  known  not  in  the  pure  condition 
but  only  in  solution,  is  called  sulphurous  acid.  Sulphur  dioxide  is 
sometimes  designated  by  this  name,  but  that  is  incorrect.  Rather, 
it  must  be  called  sulphurous  acid  anhydride,  because  it  is  formed 
from  sulphurous  acid  by  loss  of  water.  As  can  be  guessed  from  the 
formula,  and  as  is  found  by  analysis  of  the  salts,  sulphurous  acid  is 
a dibasic  acid,  and  can  form  normal  salts  of  the  formula  M9S0g  and 
acid  salts  MHSOg,  where  M represents  a combining  weight  of  a 
monovalent  metal. 

Dissociation  of  Sulphurous  Acid. — In  the  sense  of  the  con- 
siderations set  forth  on  p.  241,  sulphurous  acid  is  a comparatively  weak 
acid,  the  second  hydrogen  of  which  shows  Arery  little  tendency  to  pass 
into  the  ionic  state.  This  is  evident  from  the  fact  that  the  acid 
cannot  be  titrated  with  caustic  soda  and  litmus.  Even  before  the 
| equivalent  amount  of  base  has  been  added,  the  colour  changes  slowly 
and  continuously  from  red,  through  violet,  to  blue,  without  it  being 
possible  to  distinguish  a sharp  transition.  Accordingly,  the  aqueous 
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solution  of  the  normal  sodium  salt,  which  has  been  purified  by  repented 
recrystallisation,  also  exhibits  an  alkaline  reaction.  Ibis  arises  through 
the  action  of  the  water  on  the  ions  of  the  salt.  According  to  the 
equation  ■ 

2Na’  + SO/'  + H.p  = 2Na‘  + Ii  SO/  + OH', 

the  ion  of  the  acid  sulphites  HSO/  is  formed  at  the  expense  of  the 
water,  hydroxidion  being  thereby  also  produced,  which  causes  the 
characteristic  blue  coloration  of  litmus.  This  reaction,  however, 
takes  place  to  a less  extent  than  in  the  case  of  sulphuretted 
hydrogen  (p.  269). 

Bleaching'  Action. — Sulphurous  acid  and  its  salts  possess  some 
properties  which  are  of  importance  technically.  Sulphurous  acid 
bleaches  various  oi'ganic  colouring  substances,  and  is  therefore  used 
for  the  decoloration  of  silk  and  wool.  These  substances  cannot  be 
bleached  with  chlorine,  because  they  thereby  become  hard  and  brittle. 

To  carry  out  the  process  of  bleaching,  the  substances  are  hung  up 
in  a moist  condition  in  chambers  which  can  be  closed,  and  in  these  the 
sulphur  dioxide  required  is  generated  by  the  combustion  of  sulphur. 
When  after  some  time  the  bleaching  has  taken  place,  the  substances 
must  be  carefully  washed  in  order  to  remove  the  transfoimation 
products  of  the  colouring  substances  and  the  excess  of  sulphurous 

* This  property  can  be  clearly  demonstrated  by  placing  a number 
of  coloured  flowers  near  burning  sulphur,  and  covering  the  whole  with 
a Mass  bell-jar.  In  a short  time  all  the  flowers  become  rvhite. 

° * The  colour,  however,  is  not  completely  destroyed,  as  in  the  case 
of  chlorine,  but  can  be  restored.  This  takes  place,  to  a certain  extent, 
spontaneously,  on  standing  some  time  in  the  air ; more  quickly  >y 
moistening  the  bleached  blossoms  with  dilute  sulphuric  acid  Under 
these  conditions  blue  colours  which  are  turned  red  by  acids  do  not,  of 
course,  appear  again  ; in  their  place  red  appears. 

Physiological  Action. — Sulphurous  acid  has,  further,  a powerful 
action  on  vegetable  organisms,  from  the  highest  orders  down  to  the 
moulds  and  similar  forms  of  life.  This  shows  itself  in  an  undesirable 
manner  in  the  neighbourhood  of  foundries  and  chemica  works  in 
which  sulphur  dioxide  is  generated  and  m part  diffused  tlnougi 
air,  in  the  fact  that  vegetable  growth  more  or  less  completely  dies  out.  . 
Even  the  sulphur  contained  in  coal  produces  similar  effects  in  tov  ns. 
This  important  property  of  sulphurous  acid  finds  useful  application . 
the  “ curing  ” of  wine  and  beer  for  the  purpose  of  keeping  away  mou 
and  other  organisms,  which  would  have  a detrimental  action  on  these 
liquids.  This  is  the  purpose  of  the  process  of  sulphuring  wine  oaks, 
il  of  burning  sulphur  in  the  interior  of  them,  which  h^een 
vogue  from  remote  times.  For  similar  purposes  large  quantities  o 
sulphurous  acid  salts  are  used  in  breweries. 
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Preparation. — The  preparation  of  sulphur  dioxide  and  of  the 
sulphurous  acid  salts  or  the  sulphites,  is  carried  out  by  burning 
sulphur  or  metallic  sulphides  by  means  of  the  oxygen  in  the  air. 
Sulphur  dioxide  is  formed,  and  this  is  either  employed  as  such  or  is 
converted  into  other  compounds.  Since  an  aqueous  solution  saturated 
under  atmospheric  pressure  contains  only  10  per  cent  of  sulphurous 
acid,  it  is  better  to  prepare  a concentrated  solution  of  acid  sodium 
sulphite,  NaHSO,,,  bjr  the  action  of  sulphur  dioxide  on  sodium 
carbonate.  This  is  prepared  commercially,  and  is  employed  for  the 
purposes  specified  above.  This  solution  is  also  the  most  convenient 
means  for  preparing  sulphur  dioxide  for  laboratory  purposes.  For 
this,  it  is  only  necessary  to  place  concentrated  sulphuric  acid  in  a 
flask  fitted  with  dropping  funnel  and  delivery  tube,  and  to  allow 
bisulphite  solution  to  drop  in  from  the  dropping  funnel.  The  sodium 
salt  of  sulphuric  acid  is  formed,  and  the  sulphurous  acid  simultaneously 
formed  decomposes  into  water,  which  remains  behind,  and  sulphur 
dioxide,  which  escapes. 

Reducing  Actions. — Sulphurous  acid  readily  absorbs  oxygen,  and 
passes  into  another  compound  which  has  the  composition  H2S04,  and  is 
called  sulphuric  acid.  .Sulphurous  acid  is  a reducing  agent,  because  it 
can  also  withdraw  the  oxygen  necessary  for  this  transfonnation  from 
oxygen  compounds.  The  oxygen  can  also  be  removed  from  water  if 
an  opportunity  is  given  to  the  hydrogen  of  entering  into  another 
combination.  Sulphurous  acid  then  acts  not  by  withdrawing  oxygen 
f but  by  adding  hydrogen.  An  example  of  this  last  process  is  afforded 
by  the  action  of  sulphurous  acid  on  iodine,  which  takes  place  according 
to  the  equation 

H2S03  + 21  + H20  = H2S04  + 2HI. 


The  iodine  passes,  therefore,  into  hydriodic  acid.  Since  very  small 
quantities  of  free  iodine  can  be  detected  by  means  of  starch  (p.  232), 

' ab°ve  reaction  can  be  used  for  the  volumetric  determination  of 
iodine  with  sulphurous  acid,  or  of  sulphurous  acid  with  iodine.  This 
i method,  which  was  formerly  much  employed,  has  now  been  abandoned 
.in  favour  of  more  convenient  methods.  The  inconvenience  of  the 
a method  lies  in  the  fact  that  the  composition  of  the  solutions  of 
S,f^nU10US  aC^  *S  continuall7  undergoing  change,  owing  to  escape 
i"  ° l ^aS  an.^  k°  oxidation  by  the  oxygen  of  the  air.  Solutions  of 
1 sulphurous  acid  salts,  which  act  on  iodine  in  the  same  way,  do  not 
have  the  first  disadvantage  but  they  have  the  second.  The  spon- 
aneous  oxidation  by  the  oxygen  of  the  air  can,  however,  be  almost 
L G11  1^  ^b^shed  by  adding  to  the  solution  a small  quantity  of 

alcohol,  glycerine,  sugar,  or  similar  substances.  So  small  a quantity 
jf'as  Tfrow  to  Timr  °f  the  weight  of  the  solution  is  sufficient,  for  this 
i purpose.  The  substance  itself  undergoes  no  change;  the  action  has, 
therefore,  to  be  designated  as  a catalytic  one. 
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Pyrosulphurous  Acid. — From  the  hot,  concentrated  solutions  of 
the  acid  sulphites  of  the  alkali  metals,  salts  crystallise  out  which  do 
not  have  the  composition  of  acid  salts,  because  they  contain  no 
hydrogen.  The  potassium  salt,  more  especially,  forms  very  readily,  _ 
and  is  found  to  have  the  composition  represented  by  the  formula  ' 
KoS.,0r.  On  comparing  this  formula  with  that  of  the  acid  sulphites, 
KHSO..,  it  is  seen  that  the  salt  has  been  formed  from  this,  with  the 
loss  of  the  elements  of  water — 

2KHSO3  = K2S2Os  + h2o. 

The  corresponding  acid  must,  accordingly,  have  the  formula  i 
H.  So0  . It  can  be  looked  upon  as  a compound  of  sulphurous  acid 
and  sulphur  dioxide — 

H2S03  + S02  = H2S205. 


If,  however,  it  be  attempted  to  prepare  this  acid  from  the 
potassium  salt,  only  the  ordinary  sulphurous  acid  is  obtained.  The 
new  acid,  therefore,  passes  at  the  moment  of  its  liberation  into 
sulphurous  acid,  or,  what  is  perhaps  more  correct,  the  sulphurous 
acid  also  contains  small  amounts  of  the  acid  H2S205  along  with  the 
ordinary  acid  ; the  different  forms,  however,  pass  so  quickly  into 
one  another  that  they  cannot  be  investigated  individually.. 

The  acid  H2S205  is  called  pyrosulphurous  acid,  and  its  salts  are 
called  pyrosulphites.  The  name  is  due  to  the  fact  that  a similar 
derivative  of  phosphoric  acid  has  been  obtained  by  heating  that  acid. 

* Thermochemical  Relations. — The  combustion  of  sulphur  to 
gaseous  dioxide  develops  297  kj,  the  dissolution  of  the  latter  in 
water,  further  32  Icj,  so  that  the  heat  of  formation  of  the  aqueous 
acid  is  329  Icj.  When  one  equivalent  of  caustic  soda  is  added  to  the 
solution,  67  kj  are  developed;  a second  equivalent  yields  further 
55  kj.  From  this  it  follows  that  the  formation  of  the  10ns  H and 
HSO,/  from  the  undissociated  acid,  H2SO,  takes  place  vnth  a 1 
development  of  heat  of  more  than  13  kj ; since  the  acid  is  already  ; 
slightly  dissociated,  the  whole  amount  of  heat  does  not  show  itself. 
The  second  dissociation,  HSO/  = H + SO/',  appears  to  tave  p ace 
without  any  considerable  heat  effect,  since  the  heat  of  neutralisation 
55  kj  is  very  near  to  the  normal  57  kj. 


E.  Sulphur  Trioxide  and  Sulphuric  jh  id 

Sulphur  Trioxide. — Although  sulphur  dioxide  is  not  the  highest 
compound  of  oxygen  with  sulphur,  it  is  essentially  the  only  one  winch 
is  produced  in  the  direct  interaction,  «,  in  combustion  eve.  w hen 
oxygen  is  present  in  great  abundance.  A lug  ici  0x1  c 1 j 

sulphur  trioxide,  SO,  is  formed  at  the  same  time  < m!y  in 
amount,  mixing  in  the  form  of  a white  mist  with  the  gaseous  dioxi 
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Nor  is  it  possible  to  prepare  any  considerable  amount  of  trioxide  by 
heating,  say,  the  dioxide  Avith  oxygen.  This  is  not  in  any  way  due 
to  the  trioxide  being  an  unstable  compound  which  readily  decomposes 
into  the  dioxide  and  oxygen : the  reverse  is  the  case.  Rather,  we 
must  assume  that  the  velocity  Avith  which  dioxide  and  oxygen 
combine  to  trioxide,  is  exceedingly  small  even  at  comparatively  high 
temperatures.  The  rapid  combination  of  sulphur  dioxide  and  oxygen 
can  be  effected  by  the  same  substance  by  Avhich  the  union  of  oxygen 
and  hydrogen  is  accelerated  (p.  104).  If  a mixture  of  the  tAvo  gases 
be  passed  through  a heated  tube  containing  finely  divided  platinum, 
union  takes  place.  From  the  tube  there  escapes  a vapour  which  in 
moist  air  forms  dense  Avhite  fumes  AA’ith  a choking  smell,  and  Avhich 
can  be  condensed  to  a colourless  liquid  possessing  very  striking 
properties. 

Manufacture. — The  combination  of  sulphur  dioxide  and  oxygen 
to  trioxide,  Avith  the  help  of  platinum,  has  been  recently  carried  out 
on  a manufacturing  scale  and  begins  to  be  of  exceeding  importance. 
At  first  it  AAras  employed  only  for  the  preparation  of  the  trioxide  itself, 
which  is  applied  fairly  largely  in  the  preparation  of  organic  dyes. 

For  this  purpose,  a mixture  of  steam,  sulphur  dioxide,  and  oxygen 
Avas  generated  by  the  decomposition  of  sulphuric  acid  at  a high 
temperature,  2H2S04  = 2H,0  + 2S02  + 02.  This  Avas  freed  from  the 
. Avater  vapour  by  drying  Avith  sulphuric  acid  and  then  passed  over 
heated,  finely  divided  platinum,  Avhen  combination  to  trioxide  took 
place,  2S02  + 02  = 2S03.  The  reason  that  the  sulphur  dioxide  AAras 
not  prepared  simply  by  combustion  was  that  the  impurities  in  the 
gas  soon  rendered  the  platinum  inefficient. 

Quite  recently,  however,  the  method  has  been  discovered  of 
carrying  out  the  purification  of  the  crude  sulphur  dioxide  so 
successfully  that  that  disadvantage  is  avoided.  Sulphur  trioxide 
m any  desired  amount  can  .be  directly  obtained  by  the  action  of 
metallic  platinum,  from  a mixture  of  sulphur  dioxide  and  air  such 
as  is  obtained  by  the  combustion  of  ores  containing  sulphur.  This 
preparation  can  be  carried  out  so  cheaply  that  it  is  used  for  the 
t Preparation  of  sulphuric  acid,  and  Avill  in  all  likelihood  replace  the 
method  hitherto  employed,  which  will  presently  be  described. 

Properties.— Sulphur  trioxide  is  a colourless,  mobile  liquid,  which 
mi  s at  6 and  has,  therefore,  even  at  the  ordinary  temperature,  a 
considerable  vapour  pressure.  When  cooled  it  solidifies  to  a trans- 
parent, ice-like  mass  which  melts  at  15°. 

Besides  this,  there  is  another  form  known  Avhich  is  always  formed 
when  the  trioxide  is  kept  for  a long  time.  It  has  the  appearance  of 
< i opaque,  Avhite,  asbestos-like  mass,  Avhich  on  being  heated  does  not 
melt  but  passes  directly  into  the  vaporous  state. 

Wn  f?r  aS  C<yi  be  jUC,ged  from  t,ie  imperfect  observations,  Ave  arc 
| ere  deal^g  with  two  forms  of  different  stability,  such  as  occurred  in 
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the  case  of  iodine  chloride  (p.  238).  One  of  these  forms,  the  opaque, 
is  stable,  the  other  is  unstable,  and  in  separating  from  the  liquid 
state,  the  latter  is  first  formed  in  accordance  with  the  rule  given 

on  p.  207.  , 

The  relations  observed  in  the  case  of  the  two  forms  of  sulphur 
differ  from  those  met  with  here  by  the  fact  that  there  is  in  this  case  i| 
no  transition  point,  at  which  the  stability  of  the  two  forms  changes,  . , 
but  throughout  the  whole  known  range,  the  one  form  is  stable,  the 
other  unstable.  It  is,  therefore,  to  be  expected  that  the  more 
stable,  opaque  form  of  sulphur  trioxide  will  have  the  smaller  vapour 
pressure,  and  will  be  formed  from  the  other  with  development  of  heat. 
Experiments  on  this  point,  however,  are  as  yet  wanting. 

Action  of  Water. — In  the  air,  sulphur  trioxide  forms  dense, 
white  fumes.  This  is  due  to  the  fact  that  the  vapours  of  the  readily 
volatile  substance  combine  with  water  to  form  the  very  slightly 


volatile  sulphuric  acid  : S03  + H20  - H2S04.  _ _ J 

The  sulphuric  acid,  accordingly,  passes  at  once  into  the  liquid 
form,  and  the  very  small  drops  of  liquid  which  are  formed  constitute 
the  fumes. 

The  great  tendency  to  unite  with  water  becomes  evident  on 
bringing  the  substances  together  directly.  On  allowing  some  trioxide 
to  fall  into  water,  a hissing  noise  is  produced,  as  when  red-hot  iron  is 
immersed.  At  the  point  of  contact  between  trioxide  and  water,  so 
much  heat  is  developed  that  a portion  of  the  water  is  vaporised. 
This  vapour  is  again  condensed  to  liquid  by  the  rest  of  the  water,  and 
these  violent  movements  are  the  cause  of  the  hissing  sound. 

Sulphur  trioxide  also  acts  on  various  other  substances,  with  the 
formation  of  compounds,  and  it,  therefore,  finds  manifold  application: 
in  chemical  technology.  For  these  purposes  it  is  usually  employed: 
not  in  the  pure  state  but  dissolved  in  sulphuric  acid.  The  solutions 
containing  40  per  cent  and  over  are  solid  at  the  ordinary  temperature,  ■ 
and  become  liquid  only  on  being  gently  warmed.  ■ I 

The  substance  which  crystallises  from  the  solutions,  has  the' 
composition  H2S207  equal  to  H2S04  + SO,  It  is,  therefore,  a com- 
pound of  sulphuric  acici  with  sulphur  trioxide.  I 

Sulphuric  Acid. — Sulphurous  acid,  or  sulphur  dioxide  plus: 
water,  is  slowly  converted  by  the  oxygen  of  the  air  into  sulphuric: 
acid:  2H9S03  + Q2=2H.,S04.  The  process,  however,  although 

accompanied  by  a considerable  diminution  of  the  total  as  well  as 
of  the  free  energy,  takes  place,  strange  to  say,  only  very  slowly-so 
slowly,  indeed,  that  it  cannot  be  made  use  of  for  manufacturing 
purposes.  For  this  reason,  the  sulphuric  acid  was  formerly  prepared 
in  another  way,  viz.,  by  strongly  heating  iron  vitriol  or  sulphate  o 
iron  The  process  is,  chemically,  not  very  simple,  and  the  details  o 
it  will  be  given  under  iron.  It  has,  at  the  present  day,  only  an 
historical  importance,  since  it  is  no  longer  used. 


■ 
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The  method  still  chiefly  employed  at  the  present  time  (cf.  p.  283) 
depends  on  the  oxidation  of  sulphur  dioxide  or  sulphurous  acid,  but 
this  is  accelerated  by  a particular  expedient  to  such  an  extent  that  it 
has  become  a productive  manufacturing  method. 

The  method  was  developed  from  experiments  made  to  replace  the 
oxygen  of  the  air  by  more  quickly  acting  oxidising  agents.  Sulphur 
was  burned  with  the  addition  of  potassium  nitrate  or  saltpetre.  rm-‘‘ 


This 


substance  has  the  formula  KN03;  it  contains,  therefore,  a large 


O'  • J 0” 

amount  of  oxygen,  with  which  it  readily  parts.  In  these  experiments 
it  was  found  that  much  more  sulphuric  acid  was  produced  than  could 
have  been  formed  from  the  oxygen  of  the  saltpetre.  The  cause  of 
this  was  found  to  be  that  the  oxidation  of  the  sulphurous  acid  by 
the  oxygen  of  the  air  takes  place  much  more  quickly  in  the  presence 


of  the  gaseous  oxygen  compounds  of  nitrogen  which  are  produced 


under  the  above  conditions  than  when  it  is  alone. 

Manufacturing  Process. — The  above-mentioned  process  then 
amounted  to  this : Sulphur  dioxide  was  formed  by  the  combustion 
of  sulphur,  and  the  gas  was  mixed  with  air  and  water  vapour  in  the 
amount  necessary  for  the  formation  of  sulphuric  acid,  the  production 
of  which  was  sufficiently  accelerated  by  the  addition  of  oxides  of 
nitrogen.  The  various  stages  through  which  the  process  has  passed 
cannot  be  described  here ; it  will  be  sufficient  to  give  a description  of 
the  arrangement  of  a present-day  sulphuric  acid  manufactory.  The 
sulphur  dioxide  is,  at  present,  generated  only  to  a small  extent  from 
: sulphur  itself ; for  its  formation  the  sulphur  compounds  of  iron  are 
chiefly  used.  These  are  burned  in  suitable  furnaces,  forming  iron 
oxide,  which  remains  behind,  and  sulphur  dioxide,  which  escapes. 

;i  Large  quantities  of  sulphuric  acid  are  also  formed  from  other  ores 
containing  sulphur,  which,  for  the  purpose  of  obtaining  the  metals  in 
them,  are  “roasted,”  i.e.  heated  with  access  of  air.  The  sulphur 
: passes  into  sulphur  dioxide,  and  the  metals  form  oxides. 

The  hot  mixture  of  sulphur  dioxide  and  air  is  first  of  all  led  into 
an  empty  chamber,  where  the  small,  solid  particles  carried  over  with 
the  gas,  “ flue-dust,”  are  deposited. 

The  gases  then  enter  at  the  foot  of  a tower  filled  with  acid- 
resisting  stones  and  are  met  by  a counter- stream  of  crude,  dilute 
sulphuric  acid,  such  as  is  formed  in  this  process.  By  this  arrange- 
iment  the  hot  gases  are  cooled  by  causing  the  evaporation  of  tlie 
water  contained  in  the  dilute  sulphuric  acid ; the  acid  is  thereby 
concentrated..  At  the  same  time,  the  acid  is  freed  from  the  oxides 
of  nitrogen  which  it  contains  (vide  infra),  and  these  are  again  brought 

1^1  i PTSii  L\thiS  Way’  n0t  0nly  is  a loss  of  ^ese  com- 
paratively valuable  substances  avoided,  but  the  sulphuric  acid  is  at 

l„;Te  Tf  f,rd  fr0m  an  “P“rity  which  would  be  very  detrb 
mental  in  its  further  treatment  and  application. 

I'om  the  tower,  the  gases  pass  into  several  large  chambers  lined 
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entirely  with  lend  plates.  (Lead  is  attacked  by  sulphuric  acid  to  a 
comparatively  slight  extent.)  Into  these  chambers,  steam  and  oxides 
of  nitrogen  are  also  introduced ; oxidation  to  sulphuric  acid  occurs, 
and  this  falls  as  a line  rain  to  the  bottom  of  the  chamber. 

From  the  last  chamber  there  escapes  not  only  the  nitrogen  of  the  ' 
used-up  air1,  but  also  the  oxides  of  nitrogen  present,  so  far  as  they 
have  not  been  absorbed  by  the  dilute  acid  formed  in  the  chambers, 
the  “ chamber  acid.”  In  order  that  these  oxides  may  not  be  lost, 
they  are  led  through  a second  tower  in  which  concentrated  sulphuric 
acid  is  trickling  in  an  opposite  direction.  The  latter  readily  dissolves 
large  quantities  of  the  oxides  of  nitrogen,  and  so  retains  this  valuable 
material.  The  atmospheric  nitrogen  passes  into  a large  chimney, 
which  maintains  the  draught  through  the  whole  series  of  apparatus. 
The  concentrated  sulphuric  acid  charged  with  the  oxides  of  nitrogen  is 
introduced  into  the  first  tower,  where  the  oxides  of  nitrogen  are 
given  off. 

Action  of  the  Oxides  of  Nitrogen.— As  to  the  cause  of  the 
acceleration  of  the  sulphuric  acid  formation  by  the  oxides  of  nitrogen, 
a theory  has  been  in  existence  for  a hundred  years.  According  to 
this,  the  cause  lies  in  the  alternate  reduction  of  the  oxides  by  the 
sulphur  dioxide  and  their  re-oxidation  by  the  oxygen  of  the  air. 
The  details  of  this  theory  cannot  be  discussed  till  the  oxides  of 


nitrogen  are  treated.  Since  the  oxides  of  nitrogen  are  found  at  the 


1 LI  ul  UiiCII  cilkj  ux  — ^ 

beginning  and  the  end  of  the  process  in  the  same  condition,  and  are  t 
not  used  up,  we  must  at  this  point  be  satisfied  with  designating  the 

accelerating  action  as  a catalytic  one.  . . , 

Concentration  of  the  Acid.— The  acid  obtained  by  this  method 
contains  about  65  per  cent  of  acid  and  35  per  cent  of  water.  I Ins  - 
amount  of  water,  in  the  form  of  steam,  must  be  introduced  into  the 
lead  chamber  in  order  that  the  formation  of  sulphuric  acid  shall  take 
place  quickly  and  regularly.  For  most  of  the  applications  of  sulphuric 

acid,  however,  this  water  must  be  removed.  . 

This  is  effected  in  the  first  place  in  flat  lead  pans  which  are: 
heated  from  above.  When  the  sulphuric  acid  attains  a concentration 
of  80  per  cent,  it  begins  to  attack  the  lead.  It  is  then  evaporated, 
further  in  fiat  platinum  retorts.  At  first,  almost  pure  water  passes - 

over,  but  when  the  acid  has  reached  a concentration  of  9 8 -a  per  cent 

the  vapour  has  nearly  the  same  composition  as  the  liquid,  and  furtto  j 
concentration  becomes  impossible.  Before  the  acid  has  reached  this, 
strength,  it  is  run  into  carboys,  in  which  it  is  transported. 

Crude  and  Pure  Acid.-The  crude  sulphuric  acid  is  not  pare 
The  chief  impurity  which  it  contains  is  sulphate  of  lea  . , , 

Itdi  y olile  in  concentrated  than  in  dilute  sulphurro  aad  and 
separates  out,  therefore,  as  a white  precipitate  on  imxing  the  acnl 
with  water.  Further,  the  acid  is  often  coloured  brown  f.o  ^ 
presence  of  dissolved  organic  compounds  from  particles  of  • 
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wood  which  have  fallen  into  it.  As  a rule,  also,  oxides  of  nitrogen, 
derived  from  the  preparation,  and  compounds  of  arsenic,  from  the 
metallic  sulphides  employed,  are  present. 

Pure  acid  is  obtained  by  the  distillation  of  the  impure.  The 
boiling  point  of  sulphuric  acid  is  fairly  high,  viz.,  338°. 

The  acid  obtained  by  distillation  does  not  have  exactly  the 
composition  H2S04,  but  contains  a few  per  cent  of  water.  This  is 
connected  with  the  fact  that  the  vapour  of  sulphuric  acid  is  not  a 
single  substance,  but  a mixture  of  sulphur  trioxide,  the  anhydride  of 
sulphuric  acid,  and  water  vapour.  This  is  seen,  in  the  first  place, 
from  the  vapour  density,  which  is  not  98,  corresponding  to  the  formula 
j;  HjbOj,  but  only  the  half,  corresponding  to  the  density  of  a mixture 
.!  H20  + S03.  h urther,  the  presence  of  the  components  of  the  mixture 
can  be  shown  by  subjecting  the  vapour  of  sulphuric  acid  to  diffusion. 
If,  for  example,  the  vapour  alone  be  kept  some  hours  in  an  open  flask 
at  a temperature  above  350  , the  lighter  water  vapour  diffuses  away 
more  quickly,  and,  on  cooling,  there  is  found  in  the  flask  a mixture  of 
sulphuric  acid  and  sulphur  trioxide. 

If  one  recall  the  great  violence  with  which  the  combination  of 
sulphur  trioxide  with  liquid  water  takes  place,  one  must  inquire  as  to 
the  reason  why  these  substances  do  not  combine  at  all  in  the  vaporous 
| The  reason  is  to  be  found  in  the  fact  that  sulphuric  acid  can 

l'  form  ions  only  in  aqueous  solution.  In  the  vapour,  no  ions  are  present, 
font  is  a non-conductor  of  electricity.  Sulphuric  acid,  now,  is  a strong 
i acid,  i.e.  it  has  a great  tendency  to  form  ions  ; for  this  reason  sulphur 
tnoxide  acts  strongly  on  liquid  water,  in  which  it  can  form  sulphanion, 
but  has.  no  action  on  water  vapour,  with  which  that  is  not  possible. 

Solid  Sulphuric  Acid.  At  lower  tempera  times,  sulphuric  acid 
^ forms  crystals,  which  melt  at  10-5°.  If  the  acid  contain  water,  the 
I meltlng  Point  is  lower  in  proportion  to  the  amount  of  water  Super- 
; cooling,  also  occurs  to  a large  extent,  so  that  the  ordinary,  somewhat 
hydrated  a,cid  must  be  strongly  cooled  in  order  to  obtain  the  crystals. 
L ^ystalnsation  affords  us  a good  means  of  obtaining  the  pure  acid 
from  the  hydrated  acid.  This  is  cooled  down  until  the  greater 
part  has  crystallised,  and  the  liquid  portion  is  discarded.  The  crystals 
are  melted  and  the  acid,  again  made  to  partially  solidify,  and  this 
method  of  purification  is- repeated  till  the  melting  point  10'5°  is 
'eached  and  no  longer  rises. 

Sulphuric  acid,  in  the  liquid  state,  is  a rather  thick  liquid  having 
• y sPe«fic  gravity,  viz.  1*838  at  15°.  It  fumes  somewhat  in  the 
»r  tor  since  the  constant  boiling  mixture  contains  rather  more  water 
c \ apour  of  pure  sulphuric  acid  must  contain  excess  of  anhydride 
vatr.qU!0US  Sulphuric,  Acid.  On  dissolving  sulphuric  acid'  in 

hlat,iS  devel°Ped>  80  that,  under  certain  cir- 
; ms  ances,  the  liquid  may  boil.  The  cause  of  this  is  that  the  passage 

| 1 nu  ic  acid  into,  its  ions  is  accompanied  by  a very  considerable 


288 


PRINCIPLES  OF  INORGANIC  CHEMISTRY 


CHAP. 


evolution  of  heat.  For  the  pure  acid,  H2S04,  scarcely  conducts  the  ; 
current,  and  oidy  on  being  diluted  with  water  does  it  become  a very 
of00d  conductor.  On  dissolving  sulphur  trioxide  in  a large  quantity  | 
of  water,  164  kj  are  developed.  On  dissolving  sulphuric  acid,  II2S04,  j 
in  much’ water,  the  heat  development  is  75  kj.  From  this  it  follows1  i 
that  the  combination  of  the  trioxide  with  one  mole  of  water,  or  the  1 

reaction  S03  + H20  = H2S04,  yields  89  kj. 

Further,  on  solution,  the  total  volume  diminishes  very  considerably.  ; 
In  a tube  one  metre  long  and  about  1 cm.  wide,  closed  at  one  end,  a ; 
column  of  concentrated  sulphuric  acid  is  covered  with  an  equally  high  J 
column  of  pure  water,  the  tube  closed  with  a rubber  stopper,  and  the  ;| 
two  liquids  mixed  by  inverting  the  tube.  So  much  heat  is  developed  1 
in  the  reaction  that  the  hand  must  be  protected  with  a cloth.  Onnl 
coolino-  the  level  of  the  liquid  is  about  3 cm.  lower  than  before. 

On  account  of  this  contraction,  no  simple  relation  exists  between  j 
the  strength  of  a dilute  sulphuric  acicl  solution  and  the  extensity,  or  i| 
the  density,  and  recourse  must  therefore  be  had  to  a table  when  it  is  | 
desired  to  determinate  the  strength  from  the  density.  The  follownfgJ 
is  such  a table  : — 

Density  and  Composition  of  Solutions  of  Sulphupjg  Acid 


d. 


d. 


H0SO4  per  cent. 


1-000 

1-050 

1-100 

1-150 

1-200 

1-250 

1-300 

1-350 

1-400 

1-450 


0-09 

7-37 

1435 

20-91 

27-32 

33-43 

39-19 

44-82 

50-11 

55-03 


1-500 

1-550 

1-600 

1-650 

1-700 

1-750 

1-800 

1-810 

1-820 

1-830 


59-70 
64-26 
68-51 
72-82 
77-17 
81-56 
86-90 
88  30 
90-05 
92-10 
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ance  and  manifold  application.  Its  importance  for  the  chemical 
industry  has  been  justly  compared  with  that  of  iron  for  the  engineering 
industry.  The  manifold  application  of  sulphuric  acid  depends  on  the 
fact  that  it  can  be  used  in  two  ways  for  obtaining  other  acids  from 
their  salts.  Since  it  is,  as  a rule,  only  the  salts  of  the  various  acids 
that  are  got  directly,  and  from  these  the  free  acids  must  then  be  ob- 
tained, an  acid  suitable  for  this  object  finds  a very  varied  application. 

The  use  of  sulphuric  acid  for  this  purpose  depends  on  the  combin- 
ation of  several  circumstances.  Apart  from  its  cheapness,  the  fact  that 
it  is  a strong  acid,  i.e.  one  largely  dissociated  into  ions,  and  has  a high 
boiling  point,  is  the  determining  factor. 

Certainly,  on  making  a comparison,  it  is  found  that  in  equiv- 
alent solutions,  i.e.  solutions  containing  equal  amounts  of  hydrogen, 
hydrochloric  acid  is  a better  conductor  than  sulphuric  acid,  and  that 
the  former,  therefore,  is  more  dissociated.  However,  the  somewhat 
smaller  degree  of  dissociation  of  sulphuric  acid  (cf.  p.  242)  is  more 
than  compensated  for  by  its  small  volatility.  Thus,  hydrochloric 
acid  is  prepared  from  sodium  chloride  by  means  of  sulphuric  acid, 
according  to  the  equation 


The  possibility  of  expelling  (or  more  exactly,  of  generating)  the 
stronger  acid  from  its  salts  by  means  of  the  weaker,  depends  on  the 
difference  of  the  volatility  of  the  two  acids.  When  sulphuric  acid  acts 
on  sodium  chloride,  only  a small  quantity  of  hydrochloric  acid  is  at 
first  formed,  and  the  reaction  would  stop,  i.e.  a chemical  equilibrium 
would  be  established,  if  all  the  substances  remained  together.  Even  on 
gentle  heating,  however,  the  hydrochloric  acid  passes  off  in  the  gaseous 
state.  The  equilibrium  is  thereby  disturbed,  fresh  hydrochloric  acid 
must  be  formed,  and,  therefore,  fresh  sodium  chloride  be  decomposed. 
If  this  hydrochloric  acid  be  also  removed,  the  process  goes  on  until, 
finally,  all  the  sodium  chloride  is  decomposed  or  all  the  sulphuric  acid 
is  used  up  (cf.  p.  205). 

. In  the  decomposition  of  sodium  chloride  by  sulphuric  acid,  and  in 
: similar  processes,  two  stages  can  be  clearly  distinguished.  The  first 
half  of  the  decomposition  always  takes  place  much  more  easily,  i.e.  at 
a lower  temperature,  than  the  second.  This  depends  on  the  dibasic 
nature  of  sulphuric  acid.  The  process  is  separable  into  two  stages, 
represented  by  the  following  equations  : — 


2NaCl  + H2S04  = Na2S04  + 2HC1. 


and 


H2S04  + NaCl  = NaHS04  + HC1 
NaHS04  + NaCl  = Na2S04  + HC1. 


As  in  the  case  of  all  polybasic  acids,  the  one  combining  weight  of 

rnorpn  cT-vlifcj  r\£P  1 i i . . ° o 
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two  combining  weights  of  sodium  chloride  are  present,  there  is,  at 
first,  only  the  acid  sodium  sulphate  formed,  accoi'ding  to  the  fiist 
equation,  and  one  combining  weight  of  sodium  chloride  remains.  Not 
until  this  reaction  is  essentially  over,  and  a higher  temperature  is 
employed,  does  the  second  process,  the  decomposition  of  the  sodium  • I 
chloride  by  the  acid  sodium  sulphate,  take  place,  with  formation  of  the 


normal  sulphate. 

Continuation. — Sulphuric  acid  can  be  used  also  in  a second  way 
for  the  preparation  of  free  acids  from  their  salts.  With  some  metals, 
especially  barium  (Ba)  and  lead  (Pb),  it  can  form  very  difficultly 
soluble  salts.  Therefore,  if  aqueous  solutions  of  the  barium  or  lead 
salt  of  the  acid  in  question  be  mixed  with  sulphuric  acid,  barium  or 
lead  sulphate  is  formed,  and  separates  out  in  the  solid  state,  while  the 
acid  remains  in  solution.  In  this  way,  for  example,  chloric  acid, 

HC103,  is  obtained  (p.  213).  _ 

Analytical  Test. — This  same  circumstance,  the  difficult  solubility 
of  barium  sulphate,  is  employed  for  the  detection  and  estimation  of 
sulphuric  acid  and  its  salts ; in  general,  of  the  ion  S04  . Whenev er  -* 
barion,  Ba",  comes  together  with  the  ion  SO/,  the  precipitate  of 
barium  sulphate  (BaS04)  separates  out.  Since  sulphuric  acid  is  a fairly 
strong  acid,  the  small  solubility  of  barium  sulphate  is  not  increased 
to  any  considerable  extent  by  the  presence  of  free  acids  (p.  2/3). 
The  reaction,  therefore,  is  also  given  in  acid  solutions.  Nor  is  there 
any  other  substance  by  means  of  which  barium  sulphate  is  rendered 
soluble  in  aqueous  liquids.  This  reaction,  therefore,  is  a very  certain 
criterion  for  the  presence  of  SO/-ion,  and  an  error  can  arise  only 
from  the  fact  that  selenic  acid  {vide  infra),  which  is  very  similar  to 
sulphuric  acid,  yields  a similar,  difficultly  soluble  precipitate  with 
barium  salts.  When  we  come  to  selenic  acid,  however,  we  shall  show 

how  such  an  error  can  be  excluded.  , , 

The  question  may  be  asked,  if  the  two  different  ions,  Hb04  and  I 
SO  " do  not,  in  conformity  with  the  difference  of  their  composition, 
have  different  properties  and  characteristics.  As  to.  the  former,  there  I 
is  no  doubt  but  the  detection  of  these  differences  is  not  easy,  since 
it  presupposes  a knowledge  of  the  proportions  of  both  ions  in  a . gn  en 
solution.  Although  this  problem  is  not  insoluble,  still  it  is  so  com 

plicated  that  it  cannot  be  discussed  here. 

On  the  other  hand,  for  the  detection  and  the  estimation  of  sul 
phuric  acid  by  barium  compounds,  it  is  a matter  of  indifference  in  i 
Xt  proportions  the  ions  HSO  / and  SO/  are 

By  precipitation  as  barium  sulphate,  certainly,  only  SO  -ion  is  at  hret 
removed;  so  soon,  however,  as  this  takes  place,  a fresh  amount^ 
formed  from  HSO/-ion,  which  is  also  precipitate!  and  “ “ f t'Je 
practically  all  the  sulphuric  acid  has  been  precipitated  Only  when  t 
concentration  of  the  hydrion  is  very  great  that  is,  *^**«J“ 
is  very  acid,  does  a measurable  quantity  of  HS04-ion  remain 
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sociated,  and  is  not  precipitated.  Hence  the  rule  that  the  precipita- 
tion of  barium  sulphate  must  not  be  carried  out  in  a too  acid  solution. 

Decompositions  of  Sulphuric  Acid. — Sulphuric  acid  is  a fairly 
stable  substance.  It  undergoes  oxidation  to  a higher  stage  only  under 
cpiite  special  conditions  by  means  of  the  electric  current.  Reduction 
takes  place  more  readily,  and  use  is  sometimes  made  of  such  processes 
for  the  preparation  of  sulphur  dioxide.  Such  reduction  occurs,  for 
example,  on  heating  sulphuric  acid  with  copper. 

Copper  is  a divalent  metal,  the  sulphate  of  which  has  the  formula 
CuS04.  On  heating  copper  with  sulphuric  acid,  the  usual  displacement 
of  hydrogen  by  metal  first  takes  place — 


Cu  + H,S04  = CuS04  + H,. 

The  hydrogen,  however,  is  not  evolved,  but  is  oxidised  at  the  expense  of 
the  oxygen  of  a second  mole  of  sulphuric  acid  ; this  is  reduced  to 
sulphurous  acid,  which  immediately  decomposes  into  sulphur  dioxide 
and  water.  In  formula}, 

H2S04  + H2  = 2H20  + S02. 

The  two  equations  can  be  combined  into  one,  and  we  obtain 

Cu  + 2H2S04  = CuS04  + 2H20  + S02. 

Mercury  and  silver  behave  similarly  to  copper.  In  the  case  of  zinc, 
the  reduction  goes  still  further,  sulphuretted  hydrogen  being  formed 
under  certain  circumstances — 


5H2S04  + 4Zn  = 4ZnS04  + 4H20  + H0S. 

This  reduction  occurs  only  when  the  solutions  are  fairly  concen- 
trated. Dilute  sulphuric  acid  reacts  with  zinc,  with  formation  of 
hydrogen — 

Zn  + H2S04  - ZnS04  + H2. 


Pyrosulphuric  Acid. — The  compound  of  sulphuric  acid  with 
trioxide,  H2S207,  mentioned  on  p.  284,  is  a special  acid,  to  which  the 
name  o pyi  osulphuric  acid  has  been  given.  For  the  compound  not 
only  exists  itself,  but  the  corresponding  salts  can  be  prepared,  e.q.  the 

sodium  salt  Na2S207.  The  salts  are  obtained  by  heating  the  acid 
sulphates,  e.g.  ° 

2HNaS04  = Na2S207  + H20. 

If  heated  more  strongly,  the  salts  lose  sulphur  trioxide  and  pass  into 
normal  sulphates,  e.g. 

Na2S207  = Na2S04  + S03. 


3 Ifc  must’  however’  be  specially  noted  that  in  aqueous  solution  the 


cor- 
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responding  ion,  S„07",  is  not  known.  On  solution,  the  pyrosulphates 
take  up  water  and  pass  into  the  acid  sulphates 

Na2S207  + H20  = 2NaHS04, 

and  the  process  apparently  proceeds  so  quickly  that  it  has  not 
hitherto  been  possible  to  distinguish  between  the  solution  of  a pyro- 
sulphate  and  an  equally  strong  solution  of  the  corresponding  acid 
sulphate.  From  experience  gained  from  other  acids  of  a similar 
composition,  however,  cases  are  known  in  which  differences  can  be 
readily  detected  between  the  ions  of  the  normal  and  of  the  pyro-acids. 

* “Thermochemical  Relations. — The  heat  of  formation  of  liquid 
sulphur  tri oxide  from  its  elements  is  432  kj.  Its  heat  of  vaporisation 
is  49  kj ; its  heat  of  formation  in  the  vapour  form  amounts,  therefore, 
to  383  kj.  Since  the  heat  of  formation  of  the  dioxide  amounts  to 
297  kj,  this  would,  by  combustion  to  the  trioxide,  develop  86  kj.  In  i 
spite  of  this  great  heat  evolution,  this  process  takes  place  only  very 
slowly  and  incompletely,  and,  in  order  to  be  of  use  for  manufactming 
purposes,  it  must  be  accelerated  by  catalysers,  e.g.  platinum. 

The  trioxide  dissolves  in  water  with  great  development  of  heat, 
amounting  to  164  kj.  Sulphuric  acid,  H2S04,  dissolves  m water  with  t 
development  of  75  to  88  kj ; at  great  dilution  the  heat  effect  still 
increases  to  a measurable  extent.  By  the  formation  of  sulphuric  acid,  . 
therefore,  from  trioxide  and  water,  about  85  kj  are  developed. 

The  heat  of  neutralisation  of  sulphuric  acid  varies  according  as  the 
acid  or  the  normal  salt  is  formed.  If  a mole  of  caustic  soda  is  added 
to  a mole  of  sulphuric  acid  in  dilute  solution,  so  that  the  acid  salt  is  • 
formed  (H0S04  + NaOH  = NaHS04  + H20),  62  kj  are  developed ; the 
second  mole  of  caustic  soda  yields  the  considerably  greater  evolution 

of  heat,  viz.,  69  kj. 

From  the  large  amount  of  heat  which  is  developed  on  dissolving  . 
sulphuric  acid  in  "water,  one  may  conclude  that  the  dissociation  of  the 
acid  into  its  ions  is  accompanied  by  a great  development  of  heat.  I 
the  semi-normal  solutions  used  in  the  experiments  the  first  stage  of  the  . 
dissociation  H9S04  = H'  + HSO/  is  fairly  complete,  and  th®  seC^ 
stae-e  IISO  ' = H'  + SO,",  has  proceeded  about  half  way.  Bv  the  action 
of  the  first  mole  of  caustic  soda,  the  normal  heat  of  neutralisation, 
57  kj,  is  first  of  all  developed  ; the  excess  of  5 kj  is  due  to  the  dissoci  - 
tion  of  a further  portion  of  the  HSO/-1011  into  H + S04  , oving 
consumption  of  hydrion.  On  neutralisation  with  the  second ^ mol 
of  caustic  soda,  the  dissociation  becomes  complete  since  ' t e n eulr. 
solution  contains  only  SO/bon,  and  the  excess  of  12  Ij  above  the 

value  is  due  to  this  dissociation.  . , 

The  appropriate  experiments  for  the  exact  calculation  , in 

of  dissociation  are  as  yet  wanting,  and  it  can  only  be^er^  th,t 
both  stages  the  dissociation  in  the  case  of  sulphuric  acid  takes  p 
with  considerable  development  of  heat,  viz.,  -0  to  4U  kj. 
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F.  Other  Oxygen  Acids  of  Sulphur 

Persulphuric  Acid.  — On  electrolysing  ;i  dilute  solution  of 
sulphuric  .acid,  hydrogen  and  oxygen  care  evolved  in  the  same  propor- 
tions in  which  they  form  water,  hydrogen  being  evolved  at  the  cathode 
and  oxygen  at  the  anode.  For  this  reason  the  process  was  for  a long 
time  looked  upon  as  if  water  were  the  electrolyte,  and  the  purpose  of 
the  sulphuric  acid  oidy  to  make  the  water  “a  better  conductor.” 
Apart  from  the  fact  that  no  reason  is  known  why  the  sulphuric  acid 
should  make  the  water  a better  conductor,  it  is  now  known  that  in 
solution  the  ions  2H  and  SO/  of  sulphuric  acid  are  present  to  a pre- 
ponderating extent  and  effect  the  conduction. 

Accoiding  to  this,  the  formation  of  hydrogen  at  the  cathode  is 
easily  understood.  The  formation  of  oxygen  is  most  simply  (although 
perhaps  not  quite  correctly)  explained  by  assuming  that  the  ion  SO/ 
is  discharged  at  the  anode.  Since  a chemical  compound  SO^  (as  non- 
: ion)  does  not  exist,  interaction  takes  place  with  the  water  present  with 
regeneration  of  sulphuric  acid  and  evolution  of  oxygen 


2S04  + 2H20  = 2H2S04  + 02. 

Support  is  given  to  this  view  by  the  behaviour  of  more  concen- 
trated sulphuric  acid  on  electrolysis.  If  such  an  acid  with  a concen- 
tration of  about  50  per  cent  is  subjected  to  the  action  of  the  electric 
• current,  being  kept  cool  the  while,  hydrogen  appears  as  before  at  the 
cathode.  At  the  anode,  however,  no  oxygen  makes  its  appearance,  but 
the  sulphuric  acid  becomes  mixed  with  a new  compound  which  has 

different  properties,  and,  in  the  pure  state,  proves  to  be  an  acid  of  the 
| formula  H2S208. 

The  formation  of  this  substance,  persulphuric  acid,  is  explained  as 
follows.  In  the  concentrated  solution,  the  sulphuric  acid  is  essentially 
! dissMiated  m accordance  with  the  first  stage  into  H-  and  HSO  '.  The 

hV n °4f  18  dThargeC!at  the  an°de  and  Passes  int0  persulphuric  acid 
0 its  molar  weight  being  doubled.  The  formation  of  this  acid 

Gift  , ,.m0re  rea!%  by  the  electrolysis  of  one  of  the  acid  salts 

vi  lso  - y ’UtoV,1™  ' .niT  l0Sn  hkewise  yield  the  ion  HSO/,  e.g. 
t alib04  — Na  +HS04.  The  potassium  salt  of  persulphuric  acid 

' 3es2S  7’  ,S  rathertdifflcult,y  solubl<!"  and  °"  electrolysis  of  the 
[.  Id  S1ulPhate  soon  separates  out  as  a crystalline  mass. 

iFig  ggS  exPeriment  ls  best  performed  in  the  apparatus  shown  in 
,^2™ 1 acid  and  its  saIts  readily  lose  oxygen  and  pass  into  sul- 

i 21  ““d  Z 2 Pt’k  ,re8peCt‘Tely'  Tl,ey  therefore  act  as  oxidising 
| S’n?  they  havo  a raanifold  technical  application.  Thei? 

f nudising  act, on  can  be  shown  by  adding  them  to  a solution  5 
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potassium  iodide.  Free  iodine  separates  out  according  to  the  equation 

K2S208  + 2KI  = 2K2S04  + I2, 

which  can  he  recognised  by  the  solution  becoming  of  a brown  colour.  9 
Hydrosulphurous  Acid. — Besides  the  acids  already  describe^  j 
sulphur  forms  with  oxygen  and  hydrogen  a large  number  of  other 
compounds,  all  of  which  have  acid  properties.  Some  of  these  are  of 
considerable  technical  and  scientific  importance ; others  have,  as  yet,  j 


formed  by  the  action  of  metallic  zinc  on  sulphurous  acid,  in  accordance 
with  the  equation  7„A 

2SOo  + Zn  = ZnS904- 


According  to  this,  the  free  acid  (not  known  in  the  pure  state)  would 


liciv6  tli6  formula  H2S2O4.  „ , • i • ’fc  m-nsAr  •pprlucin°r 

The  most  striking  property  of  the  acid  is 

action  Its  total  action  cannot,  of  course,  be  gieate  . 

“‘“  which  was  used  to  reduce  the 

distinguished  from  zinc  by  the  velocity  of  its  action 
substances.  Thus,  for  example,  gaseous  ' ^ f the 
taneously  absorbed  by  the  solution,  and  it  is  Aertfo*  ^water  or 
volumetric  determination t e ™ °' the  organic 

colouring'^atter^indigo  is  used;  this 
acid  to  a colourless  compound,  but  its  orign  < 

Y i Sinfe  the  name  hyposulphurous  acid  is  also  the  designation  h”lro«b 

with  the  systematic  —datum. 
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Thiosulphuric  Acid. — Just  as  the  ion  S03"  of  sulphurous  acid 
readily  takes  up  oxygen  and  passes  into  the  ion  of  sulphuric  acid, 
SO  ",  so  also  in  contact  with  sulphur  it  takes  up  one  combining 
weight  of  that  element  and  is  transformed  into  the  ion  S20. ",  which 
is  known  as  that  of  thiosulphuric  acid.  It  can  be  regarded  as  having  a 
constitution  similar  to  that  of  sulphuric  acid  by  supposing  that  the 
atom  of  sulphur  taken  up  “ enters  at  the  same  point  ” or  assumes  the 
same  function  as  the  last  atom  of  oxygen  in  the  sulphuric  acid.  Even 
although  such  a view  contains  much  that  is  indefinite,  still  it  gives 
expression  to  some  of  the  facts  found  by  experiment. 

One  very  striking  fact  is  the  instability  of  free  thiosulphuric  acid, 
or,  in  other  words,  the  incompatibility  of  the  ions  S203"  and  H'.  As 
has  been  already  mentioned,  the  sodium  salt  is  very  readily  formed  by 
the  action  of  sulphur  on  sodium  sulphite  ; it  is  only  necessary  to  warm 
a concentrated  solution  of  this  salt  with  sulphur  to  immediately  bring 
about  the  reaction 

. Na2S03  + S = Na2S203, 


or,  writing  the  ions, 

S03"  + S = S203" 

If,  however,  the  solution  is  acidified,  turbidity  occurs  after  a few 
moments,  owing  to  the  separation  of  sulphur  and  formation  of 
sulphurous  acid — 

S203"  + H‘  = HSC)/  + S. 


The  reaction  is  fairly  sensitive  to  hydrion ; it  is  brought  about  even 
by  the  quite  small  amounts  yielded  by  weak  acids.  For  this  reason, 
pei  fectly  clear  solutions  of  sodium  thiosulphate  soon  become  turbid 
not  only  on  the  addition  of  a few  drops  of  some  acid,  but  even  by  the 
action  of  the  weak  carbonic  acid  ( vide  infra ) contained  in  the  air, 
which  acts  in  the  same  way.  Such  solutions,  therefore,  cannot  be 
iept  clear  if  the  air  is  allowed  access,  and  although  the  action  is  a 
slow  one,  still  the  easily  recognisable  bluish-white  turbidity,  due  to 
traces  of  sulphur  which  have  separated  out,  makes  its  appearance 
after  some  time — hours  or  days. 

The  decomposition  is  retarded  or  wholly  prevented  by  the 
presence  of  sulphites.  The  greater  the  amount  of  sulphite  present, 
e moie  hydrion  may  be  added,  i.e.  the  more  strongly  may  the 
so  ution  be  rendered  acid,  without  sulphur  separating  out. 

The  explanation  of  this  behaviour  is  found  if  we  consider  the 

equation  of  the  reaction  taking  place  between  the  ions  present 
which  runs  1 ’ 


S203"  + H*  = HSC*/  + S. 


There  is  thus  formed  the 
sulphur;  and,  since  this 


primary  ion  of  sulphurous  acid  along  with 
ion  is  fairly  stable,  the  reaction  takes  place 
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essentially  in  the  sense  of  the  equation,  from  left  to  right,  until  the 
concentration  of  the  hydrion  has  become  very  small.  ■ | 

* If,  however,  the  concentration  of  the  hydrosulphosion  is  in- 
creased,’a  larger  quantity  of  hydrion  is  required  in  order  that  the 
equilibrium  may  exist,  i.e.  the  solution  can  contain  a definite  amount 
of  acid  without  sulphur  separating  out.  On  this  depends  the  pro- 
tective action  which  is  exercised  by  the  addition  of  sulphurous  acid  or 
sodium  sulphite  to  thiosulphate ; the  solution  can  be  all  the  more 
strongly  acidified,  the  greater  the  amount  of  sulphite  it  contains. 

* A further  remarkable  property  of  the  process  is  that  it  requires 

an  appreciable  time.  If  dilute  solutions  (say  OT  - normal)  of  sodium 
thiosulphate  and  hydrochloric  acid  be  mixed,  the  liquid  remains,  at 
first,  quite  clear,  and  only  after  half  a minute  does  a turbidity,  due  to  1 * * * S 
separated  sulphur,  suddenly  appear.  The  more  dilute  the  solutions, 
the  longer  is  the  time  required  ; also,  the  time  increases  as  the  tempera- 
ture sinks.  _ 

* This  phenomenon  must  by  no  means  be  interpreted  as  if  the  • 

thiosulphuric  acid  remained  a certain  time  unchanged  in  the  solution  i 
and  then  underwent  a sudden  decomposition.  On  the  contrary,  we 
must  assume  that  the  decomposition  begins  immediately  the  liquids  i 
are  mixed.  The  sulphur  formed,  however,  remains  at  first  in  solution, 
and  only  after  it  has  reached  a definite  concentration,  or  has  experi- 
enced a definite  change  of  condition,  does  the  visible  reaction  of  the 

separation  of  white  drops  of  sulphur  occur. 

* As  was  to  be  expected  (p.  257),  the  separated  sulphur  is  at  first 
amorphous  ; it  has,  however,  other  properties  from  the  amorphous 

sulphur  prepared  by  sudden  cooling. 

The  best  known  thiosulphate  and  the  one  most  used,  is  that  of 
sodium,  Na2S203.  It  is  prepared  in  large  quantities,  partly  by  the 
method  given,  chiefly,  however,  from  the  waste,  products  obtained 
in  the  manufacture  of  coal-gas,  in  a manner  which  cannot  be  here 

1 The  application  of  the  thiosulphates  depends  partly  on  its  solvent 
power  for  the  salts  of  heavy  metals,  which  will  be  explained  later 
(vide  Chaps.  XXXV.  and  XLIII.),  and  partly  on  the  fact  that  it  is  a 
reducing  agent.  By  chlorine  it  is  first  oxidised  to  sulphate  and 

sulphur — 

Na2S203  + Cl2  + H20  - Na2S04  + 2HC1  + S. 


An  excess  of  chlorine  also  converts  the  sulphur  to  sulphuric  acul 


S + 3 CL  + 4H20  = H2S04  + 6HC1. 


A large  quantity  of  free  chlorine,  therefore,  can  be  destroyed^ 
converted  into  hydrogen  chloride,  by  this  salt.  It  » : 

to  remove  the  excess  of  chlorine  from  fibres  and  textile  fabr  ^ 
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bleached  by  it,  since  such  excess  would  have  a destructive  action. 
By  reason  of  this  application  it  has  received  the  name  antichlor. 

* The  products  of  oxidation  of  the  thiosulphate,  and  any  excess  of 
the  latter,  are  removed  from  the  woven  and  spun  materials  by  the 
efficient  washing  which  is  necessary.  In  the  case  of  the  dechlorin- 
ation of  bleached  paper  fibre,  however,  an  excess  of  the  salt  generally 
remains  behind,  and  hence  many  kinds  of  writing  paper  and  paste- 
board contain  sodium  thiosulphate.  A knowledge  of  this  fact  is  of 
importance  in  some  cases. 

Thiosulphate  undergoes  another  kind  of  oxidation  by  means  of 
free  iodine.  The  process  takes  place  according  to  the  scheme 

2Na2S208  + L = Na2S406  + 2NaI, 
or,  if  we  write  the  ions, 

2S203,/  + I2  = S406"  + 21'. 

There  is  produced,  therefore,  not  sulphate,  but  a new  salt  with  the 

I divalent  ion  S4O0".  The  corresponding  acid  is  called  tetrathionic  acid. 
This  acid  will  be  discussed  at  a later  point  along  with  related  sub- 
stances ; at  present  we  are  interested  in  the  transformation  of  the 
thiosulphate. 

The  process  takes  place  with  great  quickness  and  sharpness,  and 
on  it,  therefore,  a splendid  method  of  volumetric  analysis  can  be 
based.  In  the  first  place,  free  iodine  can  be  determined  by  means  of 
a titrated  solution  of  sodium  thiosulphate.  Further,  the  method  can 
be  used  to  determine  the  amount  of  all  substances  which  liberate  a 
proportionate  amount  of  iodine  from  potassium  iodide,  e.g.  chlorine  or 
bromine.  Finally,  it  can  be  employed  for  the  determination  of  all 
substances  which  bind  free  iodine,  by  allowing  these  to  act  on  a known 
■excess  of  iodine  dissolved  in  potassium  iodide  and  titrating  the  residue 
with  thiosulphate. 

The  value  of  the  method  depends  not  only  on  the  variety  of  its 
applications  but  also,  very  materially,  on  the  fact  that  an  aqueous 
solution  of  thiosulphate,  although  it  is  a powerful  reducing  agent,  is 
not,  or  rather,  is  only  exceedingly  slowly,  oxidised  by  the  free  oxygen 
[°f  a^r-  One  could,  of  course,  perform  the  analyses  just  described 
with  sodium  sulphite  in  place  of  thiosulphate,  but,  in  this  case,  there 
■is  the  difficulty  produced  by  the  great  liability  of  this  solution  to 
ichange  in  the  air,  which  makes  the  task  less  convenient  and  therefore 
less  exact. 

As  can  be  seen  from  an  examination  of  the  equation  2Na2S20.,  + 
^Na2S406  + 2NaI,  or  2S203"  + I2  = S406"  + 2F,  neither  hydrion  nor 
ydioxidion  is  produced  or  used  up  in  the  reaction  between  iodine  and 
[sodium  thiosulphate.  That  is  to  say,  the  solution  remains  neutral,  if 

I I was  previously  neutral,  or,  if  it  was  previously  acid,  it  retains  its 
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degree  of  acidity.1  It  is  of  importance  that  one  should  pay  attention  }] 
to  this  fact,  since  it  occasionally  finds  application  in  analysis. 

Polythionic  Acids. — Further,  sulphur  forms,  with  hydrogen  and  j| 
oxygen,  a series  of  dibasic  acids  which  show  a certain  amount  of  l] 
agreement  in  their  composition,  and  have  therefore  received  similar  jj 
names.  These  are  : — 

Dithionic  acid,  H2S206.  Tetrathionic  acid,  H2S406. 

Trithionic  acid,  H2S306.  Pentathionic  acid,  H2S5Oe. 

For  every  two  atoms  of  hydrogen  and  six  of  oxygen,  these  acids  n! 
contain  from  two  to  five  atoms  of  sulphur.  In  the  names  of  the  acids  n 
the  latter  numbers  are  expressed  by  the  Greek  numerals. 

All  the  “polythionic  acids,”  as  they  are  collectively  called,  are> 
readily  decomposable  substances,  which  are  known  only  in  dilute  - |i 
aqueous  solution  or  in  their  salts,  but  not  in  the  free  state.  Onnj 
standing  some  time  they  undergo  decomposition  in  solution  in  accord-' 
ance  with  the  equation 

H2Sm06  + H20  - H2S03  + H2S04  + (to  - 2)S, 

that  is  to  say,  they  yield  sulphurous  and  sulphuric  acids  and  sulphur. 
Only  dithionic  acid  gives  the  first  two  substances  alone,  without 
separation  of  sulphur.  These  reactions  take  place  with  the  aqueous  - 
solutions  both  of  the  free  acid  and  of  the  salts.  At  the  ordinary}, 
temperature,  however,  the  velocity  is  not  great  j in  the  second  case,  it.': 
is  practically  zero.  The  reaction,  however,  can  be  completed  in  a few 
moments  by  a suitable  elevation  of  temperature.  The  salts  thereby 
pass  into  sulphates,  whereas  sulphur  dioxide  escapes,  and,  as  the  case 
may  be,  sulphur  separates  out.  This  occurs  in  accordance  with  the  d 
equation 

Na2Sm,O0  = Na2S04  + S02  + (to  - 2)S, 

where  the  sodium  salt  is  taken  as  an  example. 

Dithionic  Acid. — The  preparation  of  the  above  acids  varies  from 
case  to  case.  Dithionic  acid,  or  hyposulpliwic  acid,  as  it  w as  f 01  nierly 
called,  is  obtained  in  the  form  of  its  manganese  salt  by  passing  sulphur 
dioxide  into  cold  water  in  which  finely  powdered  manganese  dioxide 
is  suspended.  Whereas,  at  higher  temperatures,  only  manganese- 
sulphate  is  hereby  formed  (Mn02  + S02  = MnS04),  by  careful  action  j 
at  lower  temperatures,  manganese  dithionate  is  formed,  in  accordance^ 
Avith  the  equation 

Mn02  + 2S02  - MnS206. 

The  gait  is  soluble  in  water,  and  the  progress  of  the  reaction  can  beJ 
followed  by  means  of  the  gradual  disappearance  of  the  dark  gre\ 
manganese  peroxide. 

i The  liquid  cannot  he  alkaline,  because  free  iodine  cannot  exist  along  with  alkalu 
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To  obtain  the  free  acid  from  the  manganese  salt,  barium  hydroxide 
is  added  to  the  solution.  Manganese  hydroxide  is  precipitated,  and  by 
evaporating  the  solution  and  crystallisation,  the  barium  salt  ot  ditli ionic 
acid  can  be  obtained  pure.1  On  decomposing  a solution  of  this  salt 
with  dilute  sulphuric  acid,  difficultly  soluble  barium  sulphate  is  pre- 
cipitated (p.  290),  and  free  dithionic  acid  remains  in  solution. 

# When,  as  in  the  present  case,  different  products  can  be  formed 
\ from  given  substances,  those  which  are  least  stable  are  first  formed. 
This  important  and  general  law  has  already  been  discussed  in  the  case 
of  the  action  of  chlorine  on  solutions  of  caustic  soda ; the  present  case 
is  another  example  of  the  law.  If  it  were  not  for  the  action  of  this 
law,  we  should  have  no  opportunity  of  becoming  acquainted  with 
unstable  compounds. 

The  aqueous  solution  of  dithionic  acid  has  a strong  acid  taste  and 
: reaction.  On  attempting  to  concentrate  it  by  evaporation,  it  very 

• soon  begins  to  smell  of  sulphur  dioxide,  and  at  the  same  time  it 
contains  sulphuric  acid.  The  decomposition  of  this  acid  takes  place 
in  accordance  with  the  equation 

H,S2O0  + H20  = H2S03  + H2S04, 

) i and  all  the  more  quickly  the  more  concentrated  the  solution.  A 
■ characteristic  precipitant  for  dithionic  acid,  or  better,  for  the  ion 

• S20G",  is  not  known,  since  all  its  salts  are  soluble.  Its  identification 
t and  determination  depend  on  its  transformation  into  sulphurous  and 
i • sulphuric  acids,  without  separation  of  sulphur. 

Trithionic  Acid. — Salts  of  this  acid  are  obtained  by  various 
r reactions,  the  most  readily  understood  of  which  is  the  action  of 
- sulphur  dichloride  (p.  301)  on  sodium  sulphite — 

2Na2S03  + SC12  = Na2S306  + 2NaCl. 

In  dilute  aqueous  solution  this,  acid  is  also  little  known,  since  it 
very  quickly  undergoes  decomposition  into  sulphurous  and  sulphuric 
i acids  and  sulphur — 

h2s3o0  + h2o  = h2so3  + h,so4  + s. 

Here,  also,  we  have  the  case  that  the  ion  S306"  is  fairly  stable  in 
neutral  solution,  i.e.  in  the  absence  of  hydrion,  whereas  it  immediately 
undergoes  decomposition  in  the  presence  of  the  latter.  The  reason  of 
this  is  again  to  be  sought  for  in  the  fact  that  in  the  second  case  more 
stable  compounds  can  be  formed,  for  whose  formation  hydrion  is 
required. 

Tetrathionic  Acid. — The  formation  of  the  ion  of  this  acid 

hi'1  this  reaction,  some  sulphate  is  always  formed  along  with  the  dithiouate.  On 
| resting  with  barium  hydroxide,  the  former  is  precipitated  as  difficultly  soluble  barium 
'!  sulphate,  and  the  solution  contains  pure  dithionate. 
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in  the  action  of  iodine  on  sodium  thiosulphate,  has  already  been 
described  (p.  297).  For  the  purpose  of  preparing  the  free  acid,  the 
lead  salt  of  thiosulphuric  acid  is  used.  This  is  decomposed  with  the 
calculated  quantity  of  iodine  according  to  the  equation 

2PbS203  + 21  - PbS406  + Pbl2. 

Exactly  as  in  the  corresponding  reaction  with  the  sodium  salt,  there  ; 
are  formed  lead  tetrathionate  and  lead  iodide.  The  former  passes.- j 
into  solution,  the  latter  separates  out.  From  the  filtered  solution, . 
lead  is.  precipitated  as  difficultly  soluble  lead  sulphate  by  the  careful  j 
addition  of  dilute  sulphuric  acid,  while  the  tetrathionic  acid  remains* 
in  solution. 

This  solution  has  a strong  acid  taste  and  reaction,  and  is  much  less  - 
stable  .than  that  of  dithionic  acid.  Sulphur  soon  separates  from  the 
solution,  which  simultaneously  evolves  sulphur  dioxide  and  contains  > 
sulphuric  acid.  The  decomposition  ensues  according  to  the  equation 

H2S406  + H20  = H2S03  + H2S04  + 2S. 

Pentathionic  Acid. — This  is  obtained  by  passing  sulphuretted 
hydrogen  into  an  aqueous  solution  of  sulphurous  acid.  W hereas  one 
portion  of  the  substances  simply  undergoes  transformation  to  sulphur 
and  water,  according  to  the  equation 

2H2S  + H2S03  = 3S  + 3H,0, 

another  portion  forms  pentathionic  acid  and  water,  according  to  the  i 
equation 

1 0H2SO3  + 5H2S  = 3H2S5Og  + 1 2H20. 

By  filtration,  a portion  of  the  sulphur  can  be  separated.  The  other  > 
portion,  however,  is  present  in  such  a fine  state  of  division  that  it 
behaves  almost  like  a dissolved  substance,  and  is  not  retained  by  a . 
filter.  By  preparing  a salt  of  pentathionic  acid  from  this  solution, .. 
recrystallisation,  etc.,  pure  compounds  of  pentathionic  acid  can  be '.I 
obtained.  We  shall,  however,  not  enter  here  on  a description  of  the 
very  troublesome  methods  by  which  this  object  is  attained. 

Pentathionic  acid  is  also  unstable,  and  readily  decomposes  into 
sulphurous  acid,  sulphuric  acid,  and  sulphur. 

Solutions  containing  one  of  the  higher  polythionates  soon  undergo  : 
transformation  in  such  a way  that  other  thionates  are  produced. 
Thus,  e.g.,  the  trithionate  passes  into  dithionate  and  tetrathionate. 
For  the  sodium  salts,  the  equation  is  simply  2Na2S306  = Na.2S206  + 
Na2S40(; ; similarly  for  the  other  salts.  It  is,  therefore,  very  difficult 
to  obtain  these  compounds  in  the  pure  state. 
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G.  Halogen  Compounds  of  Sulphur 

Chlorides  of  Sulphur. — If  a current  of  dry  chlorine  be  passed 
over  sulphur  gently  warmed  in  a retort,  a red-brown  liquid  is  formed, 
which  distils  over  at  138°  and  has  a very  unpleasant  smell.  This  is  a 
chlorine  compound  of  sulphur ; its  composition  is  expressed  by  S.,C1.„ 
and  it  is  called  sulphur  monochloride. 

Sulphur  monochloride  is  a solvent  for  sulphur,  of  which  it  dissolves 
large  quantities.  The  more  volatile  monochloride  can  be  again  sepa- 
rated from  the  less  volatile  sulphur  by  distillation.  The  monochloride 
is  decomposed  in  moist  air,  and,  in  general,  by  water ; the  chlorine  is 
converted  into  hydrochloric  acid,  while  the  sulphur  partly  separates 
out  as  such,  and'  partly  forms  sulphurous  and  thiosulphuric  acids.  The 
relative  amounts  of  these  two  vary  regularly  with  the  amount  of 
■water,  and  the  process  can,  therefore,  not  be  represented  by  an 
equation  with  definite  coefficients. 

Sulphur  monochloride  is  employed  in  the  arts  for  vulcanising 
caoutchouc.  By  the  absorption  of  sulphur  the  latter  becomes  more 
elastic  and  resists  changes  of  temperature  better. 

If  more  chlorine  is  passed  into  sulphur  monochloride,  it  is  absorbed ; 
in  varying  amounts,  however,  depending  on  the  temperature  and 
pressure.  From  the  investigations  made  on  this  point  there  are 
indications  that  two  compounds  of  the  formula?  SC12  and  SC14  are 
formed.  These  investigations,  however,  require  to  be  revised  from 

■ the  point  of  view  of  the  theory  of  chemical  equilibrium  before  definite 

■ conclusions  can  be  drawn  from  them.  The  substances  formed  in  the 
.way  described  are  scarcely  to  be  distinguished  by  their  appearance 
from  sulphur  monochloride.  Since,  however,  they  give  off  chlorine, 
the  smell  of  this  element  is  perceived  along  with  that  of  the  compound.’ 

Chlorides  of  Sulphuric  Acid. — On  neutralising  a base  with 
hydrochloric  acid,  the  chloride  of  the  metal  present  is  formed  along 
with  water,  in  accordance  with  the  equation  MOH  + HC1  = MCI  + 
'H20.  This  process  may  be  regarded,  formally,  as  if  hydroxyl  were 
replaced  by  chlorine,  and  we  may  ask  if  other  hydroxyl  compounds 
■cannot  experience  a similar  replacement. 

In  sulphuric  acid,  now,  as  in  all  oxygen  acids,  the  hydrogen  can 
lie  assumed  to  be  united  to  oxygen  to  form  hydroxyl.  The  suitability 
ot  this  assumption  is  seen  from  the  fact  that  the  actual  reactions  of 
tms  substance  are  in  agreement  with  it. 

Thus,  m fact,  derivatives  of  sulphuric  acid  are  known  which  have 
the  same  relation  to  it  as  the  metal  chlorides  have  to  the  metal 
ycioxides,  and  which,  therefore,  support  the  assumption  that  in 
* *ACi(aCld  hydrogen  and  oxygen  are  united  together  to  hydroxyl. 

T.  *.  1pr°1°f  of  thls  assumption  is  not  given  by  those  compounds 
The  actual  phenomenon  is  that  the  elements  O and  H are  elimZted 
e proportions  OH,  and  Cl  simultaneously  enters.  It  cannot 
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however,  be  asserted  that  these  two  elements,  in  order  that  they  may 
he  simultaneously  eliminated,  must  previously  have  been  united,  for 
there  are  numerous  cases  in  which  such  an  assumption  cannot  be  [ 
sustained.  The  sole  purpose  of  this  assumption,  therefore,  is  to  state  <j 
that  the  reaction  in  question  often  and  easily  occurs. 

* On  such  relations  all  the  so-called  “ constitutional  formulae  ” of 
substances  are  based.  These  are  a short  expression  for  the  chemical.! 
reactions  actually  observed.  Since  the  latter,  however,  depend  on  j 
other  conditions  besides  the  chemical  nature  of  the  substances, — e.g.  on« 
temperature,  pressure,  presence  of  other  substances, — it  is  to  be  antici- 
pated that  a definite  constitutional  formula  can  represent  the  behaviour, 
of  the  given  substance  only  within  a definite  range,  and  will  prove  all  { 
the  less  satisfactory  the  more  deeply  and  comprehensively  the  chemical* 
behaviour  of  the  substance  is  known. 

* Such  diversity  can,  if  necessary,  be  expressed  by  the  assumption 
of  several  constitutional  formula; ; but  this  is  only  a makeshift.  For  ■ 
the  complete  representation  of  the  chemical  behaviour,  a numerical 
characterisation  of  the  mutual  relations  of  all  the  tiansfoi  mationj 
products  of  the  substance  would  be  necessary.  From  such  a stand- 
point, the  chemistry  of  the  present  day  is  still  very  far  removed. 

If  sulphuric  acid  be  written  as  a hydroxyl  compound,  we  obtain 
the  formula  S02(0H)2  The  atomic  group  S02  is  called  sulphuryl, 
and  the  two  possible  chlorine  derivatives  would  have  the  following, 
formulae  and  names  : — 

SO,(OH)Cl,  Sulphuryl  hydroxychloride, 

SO.,Cl2,  Sulphuryl  chloride. 


The  first  name  is  not  used,  as  being  too  long;  the  first  compound,', 
which  still  contains  one  acid  hydrogen,  is  called  chlorosulphonic  acid.  > 
Chlorosul phonic  acid  is  obtained  from  sulphur  trioxide  and 
hydrogen  chloride,  which  combine  on  being  gently  heated— 

S03  + HC1  = S02(0H)C1. 

It  forms  a colourless  liquid  of  density  1*7,  and  boils  at  152°. 

Chlorosulphonic  acid  fumes  in  moist  air,  because  it  undergoes.' 
transformation  with  the  aqueous  vapour  to  difficultly  volatile  sulphuric: 
acid  and  hydrochloric  acid — 


S02(0H)C1  + H,0  = H,SO,  + HC1. 

This  reaction,  viz.,  the  re-formation  of  the  original  acid  from  ite 
chloride  by  the  action  of  water,  is  a general  reaction  of  the  acio: 

chlorides. 


1 The  name  is  due  to  the  fact  that  in  organic  chemistry 
sulphuric  acid  are  known  of  the  formula  R . S0.20H  (where  R is 
which  are  called  sulphonic  acids. 


numerous  compounds  o 
a compound  “ radicle  )• 
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* In  this  respect  the  acid  chlorides  differ  essentially  from  the 
metal  chlorides,  with  which  they  have  a formal  similarity  (p.  301). 
Whereas  metallic  hydroxides  undergo  transformation  with  hydrochloric 

| acid  to  metallic  chlorides  and  water,  the  acid  chlorides,  on  the  other 
I hand,  undergo  transformation  with  water  to  hydroxide  and  hydro- 
chloric acid.  The  reaction,  RC1  + PRO  = R . OH  + HC1,  proceeds  in 
the  first  case  from  right  to  left,  in  the  second  case  from  left  to  right. 

* If,  now,  we  remember  that,  in  principle,  no  chemical  reaction 
can  be  complete,  we  can  say  that  the  two  cases  differ  from  one  another 
essentially  in  the  fact  that  the  one  or  other  side  of  the  equation  of 

: reaction  predominates.  Or,  as  we  can  say  with  reference  to  what 
i was  set  forth  on  p.  247,  the  acid  chlorides  undergo  almost  complete 
hydrolysis  with  water. 

* While  the  previous  remarks  dealt  with  the  reactions  of  the 
particular  substances  with  a small  amount  of  water,  the  pro- 

■'  cesses  w liich  take  place  on  solution  in  much  water  must  also  receive 
special  consideration.  Under  these  conditions,  ion  formation  can 
occur,  and,  in  general,  those  reactions  take  place  in  which  specially  stable 
ions  are  formed.  Among  these,  chloridion  must,  in  the  first  place,  be 
reckoned. 

On  decomposing  chlorosulphonic  acid  with  much  water,  there  occurs 
the  reaction 

S02(0H)C1  + H,0  = 2H'S04"  + HUT  = SO/  + CT  + 3H\ 


i.e.  the  ions  of  sulphuric  and  hydrochloric  acids  are  formed.  Since 
these  two  acids  are  largely  dissociated  into  ions,  i.e.  form  very  stable 
dons,  this  reaction  is  practically  complete. 

The  capability  of  the  acid  corresponding  to  the  chloride  of  forming- 
stable  ions  will,  therefore,  increase  the  decomposability  of  the  chloride 
by  water. 

. In  accordance  with  these  considerations,  it  must  be  regarded  as 
•possible  that  hydroxides  exist  which  stand  between  acids  and  bases  in 
jsuch  a way  that  the  two  sides  of  the  equation  of  reaction  to  some 
extent  counterbalance  one  another.  They  will,  therefore,  under 
pertain  conditions,  act  as  acids  ; under  other  conditions,  as  bases.  We 
i shall  )S°on  have  an  opportunity  of  indicating  such  substances  (Chap. 

The  second  chloride  of  sulphuric  acid,  sulphuryl  chloride,  S0oCL 
$ produced  by  the  direct  combination  of  sulphur  dioxide  and  chlorine.’ 
he  reaction  does  not  take  place  very  quickly,  but  is  greatly  accelerated, 
IP  ,lca  3b  y the  presence  of  camphor  (anorganic  substance).  It 
• s obtained  as  a colourless,  very  mobile  liquid,  having  the  density  U67 
, d boffmg  at  69  The  fact  that  the  boiling  point  of  sulphuryl 
-blonde  is  so  much  lower  than  that  of  chlorosulphonic  acid  is  an 
sample  of  the  general  rule  that  the  boiling  point  of  the  chlorine 
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compounds  is  always  considerably  lower  than  that  of  the  corresponding 
hydroxyl  compounds.  The  same  is  seen  on  comparing  chlorosulphonic 
acid  (boiling  point  152°)  with  sulphuric  acid  (boiling  point  340°). 

Sulphuryl  chloride  fumes  only  slightly  in  the  air,  because  it  reacts  - 
much  more  slowly  with  water  than  chlorosulphonic  acid  does.  The- 
latter  compound  is  formed  by  the  action  of  a small  quantity  of  water— 
SO.  Cl  + H.,0  = S02(0H)C1  + HC1 ; with  much  water,  sulphuric  and 
hydrochloric  acids  are  formed — S02C12  + 2H20  = H2S04  + 2HC1. 

* As  the  decomposition  of  sulphuryl  chloride  by  much  water  takes 
place  much  more  slowly  than  that  of  chlorosulphonic  acid,  it  looks  asi 
if  the  former  passed  directly  into  sulphuric  and  hydrochloric  acids: 
without  passing  through  the  intermediate  stage  of  chlorosulphonic  acid. 
For  the  chlorosulphonic  acid  which  is  formed  undergoes  decomposition 
so  quickly  that  at  no  time  during  the  reaction  can  any  considerable: 

amount  of  it  be  detected.  , 

* Similar  relations  are  often  found.  In  all  cases,  therefore,  where: 
existing  intermediate  stages  are  apparently  passed  over,  it  must  be 
borne  in  mind  that  they  may  escape  observation  owing  to  differences 
in  the  velocity  of  reaction,  as  in  the  above  case. 

Besides  the  two  chlorides  of  sulphuric  acid,  a chloride  of  pyrosuL 

. i -it  • i n r\  /'ll  . » n 1 nn  I t n rviim  It  1 ( 


phuric  acid — pyrosulphuryl  chloride,  S205C12 — is  also  known  It  is 

l _ _ . , i / Ktt  mPQnQ  nt  rmns- 


obtained  by  withdrawing  the  elements  of  water ■ (by  means  of  phos- 
phorus pentoxide)  from  chlorosulphonic  acid,  -S02(0i:I)L  2 

S O Cl  It  is  a liquid  similar  to  chlorosulphonic  acid,  only  more 
viscous  and  having  a greater  density.  Its  density  is  1 '82,  and  its  boil- 
ing point  142°.  Its  vapour,  on  being  heated,  decomposes  into  sulphur 

trioxide,  sulphur  dioxide,  and  chlorine.  . . 

With  water,  pyrosulphuryl  chloride  reacts  in  a manner  similar 
the  other  chlorides  of  sulphuric  acid.  The  reaction  does  not  appear  so- 
violent  as  in  the  case  of  chlorosulphonic  acid,  because  it  takes  place 

more  slowly. 

H.  Combining  Weight  of  Sulphur 


Since  sulphur  forms  a large  number  of  compounds  which  can  be 
analysed  with  exactness,  very  varying  methods  have  been  emp  oy 
for  the  determination  of  this  important  combining  weight  lhe  most 
exact  number  was  obtained  by  Stas  by  determining  the f»tio  m utad 
silver  united  with  sulphur  to  form  silver  sulphide.  ()n  the  other  han  , 
bv  determining  the  amount  of  silver  which  can  be  obtained  fro 
weighed  quantity  of  silver  sulphate,  he  obtained  the  data  neces  J* 
for  the  independent  calculation  of  the  desired  number. 

temple,  by  heating  59^225^.^^^^ 


For  example,  oy  neawng  r . , ^ ‘ nre  in 

68-2482  gm.  of  silver  sulphide  were  obtained  : the  wo  i & ' - 
. i*i 485.  Further,  8L023  gm.  silver  sulphate 


in  a current 


M-Ongm.1  sUvOTon  being  converted  \ this  hath.  _H,SO.+ 

of  hydrogen,  in  accordance  with  the  equation  Ag,S01  + Hs-»,  , 
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2Ag.  Since  in  silver  sulphide,  Ag2S,  the  ratio  of  silver  to  sulphur  is 
the  same  as  in  silver  sulphate,  there  correspond  to  the  amount  of  silver 
found,  64-3985  gm.  silver  plus  sulphur,  or  8-3275  gm.  sulphur,  and  the 
remainder,  I 6*6245  gm.,  is  oxygen.  Since  in  silver  sulphate  there  are 
four  combining  weights  of  oxygen  to  one  of  sulphur,  we  have  the  pro- 
portion 4 x 16  :a;=  16-6245  : 8 -3275,  and  a:  = 32 "06.  The  mean  value 
of  all  such  determinations  has  given  the  same  number,  S = 32-06. 


x 


CHAPTER  XIII 


SELENIUM  AND  TELLURIUM 


General.— Similarly  to  the  triad  chlorine,  bromine,  and  iodine,  the 
elements  of  the  sulphur  group  also  form  a trinity  of  similar  substance# 
whose  properties  vary  regularly  with  increasing  combining  weight.' 
The  analogy  of  the  combining  weights  is  seen,  in  the  first  place,  from 

the  following  table  : — 


Chlorine 

Bromine 

Iodine 


35-45 

79-96 

126-86 


Sulphur 

Selenium 

Tellurium 


32  06 
79T 
127-3 


As  can  be  seen,  the  combining  weights  of  the  corresponding  mem 
bers  of  the  two  groups  are  very  nearly  the  same.  AN  heieas  howe\  eI  „ 
sulphur  and  selenium  have  rather  smaller  values  than  ch  orine  ana 
bromine,  the  relation  is  reversed  in  the  case  of  iodine  and  tellurnmi. 

A similarity  also  exists  between  the  two  groups  m the  fact  that  the 
first  elements  in  each,  chlorine  and  sulphur,  occur  very  wide  y 
tributed  in  nature,  while  the  other  two  pairs  are  relatively  sparing^ 
found.  Further  similarities  will  become  apparent  m descnbinj 

selenium  and  tellurium.  Berzelius  in  th 

Selenium  was  discovered  m the  year  1817  by  Eerzeliu in  m 

flenosit  of  a sulphuric  acid  manufactory  at  Gnpsholm.  It  is  ai 
i ° Woh  like  sulphur,  can  exist  in  different  allotrop.c  forms 

Sjed  tri^uel  solution,  it  is  obtained  as  an  amorphous  ret 
Substance,  and,  with  very  dilute  solutions,  is  got  in .the , collo.dal 
• p annarentlv  in  solution  and  passes  thiou^h  a falter. 

From  Comparatively  concentrated  solutions,  selenium  is  obtained  a 

, . .11  ipfi  to  an  amorphous  mass  of  a black-ied  colo 

on  being  quickly  code  > fracture.  If  this  amorphous  selemm 

which  breaks  with  a -con  f 100°to  150°,  it  becomes  crysta 

sS  metallic  lustre.  At  650"  it  boils.  ] 
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Whereas  the  amorphous  selenium  does  not  conduct  the  electric 
current  to  a measurable  extent,  the  property  of  conductivity  is 
| possessed  by  the  crystalline  form. 

* In  this  connection  the  special  peculiarity  is  met  with  that  the 
electrical  conductivity  of  crystalline  selenium  depends  on  the  illumina- 
tion which  it  experiences.'  Its  conductivity  is  all  the  greater  the 
(stronger  the  light  which  it  receives.  On  altering  the  strength  of  the 
ight,  these  changes  occur  in  an  exceedingly  short  time.  It  has  not 
pet  been  determined  on  what  this  peculiarity  depends,  but  it  appears 
;hat  traces  of  foreign  substances,  more  especially  of  the  selenium  com- 
oounds  of  the  heavy  metals  which  are  mixed  with  selenium,  play  a 
great  part.  Nor  is  it  possible  to  retain  sensitive  selenium  preparations 
jermanently  in  a sensitive  state.  Its  application  in  the  arts,  to  which 
his  property  invites,  is  thereby,  at  present,  greatly  limited. 

In  its  compounds,  selenium  greatly  resembles  sulphur,  for  seleniu- 
-etted  hydrogen,  selenious  acid,  and  selenic  acid  are  not  only  similarly 
aonstituted  to  the  corresponding  sulphur  compounds,  but,  in  part  also, 
;iave  a similar  behaviour.  From  the  special  description  of  the  different 
•uibstances,  these  similarities  and  differences  will  become  apparent, 
'he  combining  weight  of  selenium  is  Se  = 79T. 

Seleniuretted  Hydrogen,  H2Se.— Seleniuretted  hydrogen  is  a 
Colourless  gas  with  a very  unpleasant  smell,  recalling  that  of  decaying 
idish.  It  is  very  poisonous,  and  calls  for  special  care  in  working  with 
!’•  ft  readily  dissolves  in  water  in  large  amount.  The  solution  has  a 
bebly  acid  reaction,  and  in  contact  with  the  air  red  selenium  quickly 
-eparates  out,  the  hydrogen  of  the  seleniuretted  hydrogen  combining 
ith  the  oxygen  of  the  air  to  form  water— 2H0Se  + 0.,  = 2H.,0  + 286^ 

Seleniuretted  hydrogen  is  the  hydrogen  acid  of  selenium  in  the 
; .me  sense  as  sulphuretted  hydrogen  is  the  hydrogen  acid  of  sulphur 
he  salts  of  seleniuretted  hydrogen  are  the  metallic  selenides.  By 
rfn  of.the  two  combining  weights  of  hydrogen,  seleniuretted 
* rogen  is  dibasic,  and  its  salts,  therefore,  contain  either  two  com- 
inmg  weights  of  a monovalent  metal  or  one  combining  weight  of  a 
! valent  one,  etc.  Seleniuretted  hydrogen  can  be  obtained  by  the 
tion  of.  stronger  acids  on  metallic  selenides.  The  method  usually 
irsued  is  to  prepare  ferrous  selenide,  FeSe,  by  heating  selenium  with 
, 3ii  lings,  and  to  treat  this  with  hydrochloric  acid.  In  a manner 
rtectly  analogous  to  the  preparation  of  sulphuretted  hydrogen  (p. 
■0),  ferrous  chloride  and  seleniuretted  hydrogen  are  formed  in  accord- 
ed with  the  equation 


FeSe  + 2HC1  = H2Se  + FeCl9. 


,dr  e solutions  of  the  different  heavy  metals,  seleniuretted 
iogen  precipitates  the  corresponding  selenium  compounds  as  red  or 
d 81JUred  substances.  The  compounds  of  selenium  with  sodium 
similar  metals  are,  however,  readily  soluble  in  water.  In  the  air, 
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these  decompose  similarly  to  seleniuretted  hydrogen,  so  that  after  some ; 
time  a red  precipitate  of  elementary  selenium  is  deposited  from  thei)  i 
solutions.  This  property  is  made  use  of  for  the  purpose  of  obtaining] 
or  of  purifying  selenium.  I he  crude  material  is  fused  w ith  sodimnJ 
hydroxide  (or  with  sodium  carbonate,  which  acts  in  a similar  manner)' 
and  the  filtered  solution  of  the  melt  is  exposed  in  shallow  vessels  t< 

the  air.  . ■ 

The  poisonous  action  of  seleniuretted  hydrogen  mentioned  above*.; 

depends  essentially  on  its  ready  decomposability  by  oxygen.  Seleniun 
thereby  separates  out  in  the  tissues  in  a finely  divided  form,  and  act 
both  chemically  and  mechanically  as  an  irritant. 

" Isomorphism. — The  selenium  which  separates  out  under  th< 
influence  of  the  oxygen  of  the  air  on  soluble  metallic  selenides 
crystalline,  and,  on  closer  examination,  it  is  found  to  exhibit  the  same 
crystalline  forms  as  monoclinic  (prismatic)  sulphur,  which  separate 
out  from  the  fused  mass.  Further,  elementary  selenium  occurs  in  som 
of  the  naturally  occurring  kinds  of  sulphur  ; it  is  mixed  uniformly  o 
combined  with  the  sulphur,  and  imparts  a rather  dark,  reddish  colou 
to  it.  Lastly,  a large  number  of  corresponding  compounds  of  the  tw« 
elements  exist,  having  the  same  crystalline  form  and  capable  of  fornn 
ing  homogeneous  “mixed  crystals,”  i.e.  crystals  the  composition  c 
which  is  not  governed  by  the  laws  of  stoichiometry,  but  which,  lm 
that  of  solutions,  can  exhibit  every  relation  within  definite  limits. 

These  facts  are  embraced  under  the  conception  of  isomorplim 
(identity  of  form).  In  the  first  place,  two  substances  are  calle- 
isomorphous  when  they  have  the  same  crystalline  shape  and  can  fond 
mixed  crystals.  Thus  sulphur  and  selenium  are  isomorphous  U 
respect  of  their  monoclinic  forms;  for  both  elements  not  only  crysta 
lise  separately  in  like  shapes,  but  when  they  together  pass  into  tk 
solid  state  they  form  mixed  crystals  of  varying  composition  nhich  J 
determined  essentially  by  the  relative  amounts  of  the  two  elements  1 

the  mother  liquor. 

When  one  of  the  two  ispmorphous  substances  has  the  proper  y 
crystallising  in  different  forms,  the  other  substance  has  often  the  sun 
property,  and  the  different  forms  are  alike  in  pairs  Thus  it  is  to  t 
expected  that  there  should  be  a rhombic  form  of  selenium  correspono 
ing  to  the  rhombic  form  of  sulphur,  for  such  a relationship  ^ found  L 
many  other  cases.  Such  a form  of  selenium,  it  is  true,  'S  not  kno  - 
but  naturally  occurring  rhombic  crystals  of  sulphur  ale  fount Is  be 
contain  more  or  less  selenium.  Selenium  is,  therefore,  capable  often 
ing  mixed  crystals  with  rhombic  sulphur,  and  from  this  n • y 
concluded  as  probable  that  a rhombic  form  of  selenium  exists,  althjj 
it  is  perhaps  so  little  stable  under  the  conditions  hitherto  emploj 
that  it  has  not  yet  been  possible  to  observe  it.  _ or 

Elements  which  in  the  free  state  are  isomorphous jnt 
another,  have  the  further  peculiarity  that  their  correspond  g 
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pounds  with  other  elements  are  usually  isomorphous.  Thus,  for 
example,  almost  all  the  salts  of  sulphuric  acid  have  the  same  crystalline 
forms  as  the  corresponding  salts  {i.e.  containing  the  same  metals  and 
having  a similar  formula)  of  selenic  acid.  Such  relationships  are 
often  found,  and  they  are  also  sometimes  met  with  in  cases  where  no 
■ isomorphism  of  the  elements  is  known.  Hence  a wider  conception  of 
-isomorphism  has  been  developed,  and  the  term  isomorphous  in  the  wider 
sense  is  applied  to  those  elements  which,  while  not  themselves  iso- 
morphous, form  isomorphous  compounds  of  like  constitution.  Of  this 
kind  of  isomorphism,  also,  several  examples  will  be  cited  later. 

Since  isomorphism  and  similarity  of  constitution  go  hand  in  hand, 
the  fact  of  isomorphism  can  be  used  in  doubtful  cases  to  obtain  a clue 
to  the  formulation  of  the  compounds  of  new  elements,  i.e.  to  the  choice 
of  the  most  suitable  combining  weight  from  among  the  possible 
imultiples  (p.  141).  In  former  times,  especially,  the  relationships  of 
isomorphism  were  of  great  service  in  this  direction. 

* In  drawing  such  conclusions,  however,  it  is  necessary  to  carefully 
satisfy  oneself  that  isomorphism  is  really  present.  Identity  of  the 
crystalline  system  and  the  possibility  of  expressing  the  forms  of  the 
two  substances  by  the  same  crystallographic  constants  within  the  error 
of  experiment,  are  not  sufficient  for  the  purpose,  since  chance  agree- 
ment could  not  be  excluded  in  this  way.  A sure  criterion  of  actual 
isomorphism  is  given  if,  along  with  the  identity  of  shape,  the  property 
of  forming  mixed  crystals  can  be  demonstrated. 

Selenious  Acid. — When  selenium  is  heated  in  the  air  or  in  pure 
oxygen,  it  takes  fire  and  burns  with  a blue -white  flame,  forming 
selenium  dioxide,  Se02.  At  the  ordinary  temperature  this  compound, 
inlike  sulphur  dioxide,  is  not  a gas,  but  a solid  crystalline  substance. 
Only  on  being  heated  does  it  volatilise,  without  melting,  and  pass  into 
i vapour  of  the  colour  of  chlorine. 

\ Selenium  dioxide,  further,  is  formed  by  treating  selenium  with  any 
ixidising  agent.  As  a rule,  it  is  obtained  by  heating  selenium  with 
juitric  acid,  evaporating  to  dryness,  and  subliming  the  residue. 

; Selenium  dioxide  dissolves  in  water  and  yields  an  acid  liquid 
which  contains  selenious  acid,  H2Se03.  By  evaporation,  this  com- 
pound can  be  obtained  in  transparent  crystals  which,  on  heating,  lose 
vater  and  pass  into  selenium  dioxide. 

I,  Selenious  acid  is  not  a reducing  agent  like  sulphurous  acid.  On 
’ e contrary,  it  readily  gives  up  its  oxygen,  and  elementary  selenium 
eparates  out.  Thus,  for  example,  it  is  reduced  even  by  the  organic 
j flatter  which  is  usually  present  in  the  dust  of  the  atmosphere,  and, 
?or  this  reason,  the  mouths  of  the  vessels  in  which  selenious  acid  is  kept 
re  generally  covered  with  a crust  of  red  selenium,  and  the  prepara- 
ion  itself  assumes,  in  course  of  time,  a reddish  coloration. 

| The  reduction  of  selenious  acid  to  selenium  takes  place  very  easily 
[ 11  smoothly  by  means  of  sulphurous  acid,  in  accordance  with  the 
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equation  H2Se03  + 2H.2S03  = Se  + 2H2S04  + H,0.  The  selenium  first  , 
separates  out  in  the  colloidal  state,  a red  coloured,  transparent  liquid  j 
being  formed.  On  standing  some  time,  quickly  if  heated,  selenium 
separates  out  as  a brown-red  precipitate.  Ibis  phenomenon  can  be^ 
used  for  identifying  selenious  acid  and  its  salts. 

Selenic  Acid. — Powerful  oxidising  agents  are  required  in  order  t 
to  convert  selenious  acid  to  the  highest  stage  of  oxidation  of  selenium, 
viz.  selenic  acid.  The  sodium  salt  is  obtained  by  fusing  sodium 
selenite  with  sodium  nitrate.  The  latter  yields  up  one  combining . 
weight  of  oxygen,  by  which  the  former  is  oxidised:  Na2Se03  + 0 = 

Na2Se04.  , . 

The  free  acid  is  most  easily  obtained  by  treating  silver  selenite  * 

with  bromine.  Silver  bromide  and  selenic  acid  are  formed  in  accord- 
ance with  the  equation  Ag2Se03  + H20  + Br2  = H2Se04  + 2 AgBr.  Inla 
order  to  carry  out  this  reaction,  the  silver  salt  is  covered  with  water, 
and  bromine  added,  with  shaking,  so  long  as  its  colour  disappears. 

The  aqueous  solution  of  selenic  acid  can  be  concentrated  by*j 
evaporation,  and  a thickish  liquid  is  finally  obtained  which  has  the* 
density  2 '6  and  the  general  appearance  of  concentrated  sulphuric 
acid.  The  pure  acid  solidifies  to  crystals  which  melt  at  58  ; the  melt 
in0-  point  is  greatly  lowered  by  quite  small  quantities  of  water.  AJ 
crystalline  hydrate,  H.2Se04  + H20,  melting  at  25  , is  also  known.  j 

Selenic  acid  is  distinguished  from  sulphuric  acid  by  its  powerful!-, 
oxidising  action ; it  readily  dissolves  the  noble  metals  and  evolves 
chlorine  with  hydrochloric  acid,  thereby  passing  into  selenious  acid— 
H7Se04  + 2HC1  = H2Se03  + Cl2  + H20.  The  salts  of  selenic  acid  are 
isomorphous  (p.  308)  with  those  of  sulphuric  acid,  and  also  exhibit 
similar  solubility  relations.  For  example,  its  barium  salt  is  just  as, 
difficultly  soluble  as  barium  sulphate,  and  the  salts  of  the  two  acids! 
can,  therefore,  be  readily  confounded.  In  order  to  identify  selenic 
acid  in  presence  of  sulphuric  acid,  the  liquid  is  previously  treated  with- 
a reducing  agent.  The  former  is  thereby  reduced  to  selenious  acid  oi 
selenium,  while  the  sulphuric  acid  remains  unchanged,  and  can 


determined  as  such.  . . 

Chlorine  Compounds.— Of  the  remaining  compounds  of  seleniui  , 

selenium  tetrachloride  has  still  to  be  mentioned.  It  is  a white,  crystals 
line  substance  with  the  formula  SeCl4,  and  is  easily  prepared  byheatm^ 
selenium  in  a current  of  chlorine.  On  being  heated  it  ^ com  . 
into  vapour  without  previous  fusion.  M ith  water  it  for  * 
and  hydrochloric  acids,  in  accordance  with  the  equation  beU4  . - •> 


H2  Compared  with  sulphur  tetrachloride  (p.  301),  which  is 
easily  decomposed,  the  corresponding  selenium  compound  may  be . te 
a very  stable  substance.  This  increase  in  the  stability  of  tl 
compounds  forms  a marked  contrast  to  the  decrease  of  the  stability 
the  corresponding  oxygen  and  hydrogen  compounds. 
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Besides  selenium  tetrachloride  there  also  exists  a selenium  mono- 
chloride, Se2Cl.„  corresponding  to  sulphur  monochloride.  This  is  a 
dark  red-brown  liquid  from  which,  when  heated,  selenium  tetrachloride 
i escapes  while  selenium  remains  behind — 2Se2Cl2  = 3Se  + SeCl4.  The 
stability  relations  are,  therefore,  different  here  from  what  they  are  in 
the  case  of  sulphur,  where  the  tetrachloride  decomposes  into  chlorine 
and  monochloride. 

Tellurium. — While  iodine  is  very  similar  to  bromine,  if  not  in 
external  appearance,  at  least  in  the  nature  of  the  corresponding  com- 
pounds, the  differences  between  selenium  and  tellurium  are  more  pro- 
nounced, so  that  it  has  repeatedly  been  regarded  as  doubtful  whether 
these  two  elements  ought  to  be  regarded  as  members  of  the  same  family. 

Tellurium  is  a greyish  white  substance  with  a metallic  lustre ; its 
density  is  6 '4,  and  it  conducts  the  electric  current  like  a metal.  It 
melts  at  450°,  and  boils  at  1400°.  The  vapour  is  only  slightly  denser 
than  corresponds  to  the  formula  Te2. 

The  combining  weight  of  tellurium,  Te=127'3,  is,  as  has  already 
been  mentioned,  greater  than  that  of  iodine,  whereas  the  combining 
weights  of  the  other  elements  of  this  group  are  smaller  than  those  of 
the  corresponding  halogens.  Many  investigations  have  therefore  been 
carried  out  because  it  was  believed  that  this  deviation  was  due  to 
incorrect  determinations  • it  has,  however,  been  found  with  certainty 
that  the  numbers  are  as  stated. 

Besides  the  metallic  tellurium,  there  is  also  a black,  apparently 
amorphous  form,  in  which  tellurium  is  obtained  by  precipitation  from 
its  solutions.  It  has  a considerably  smaller  density. 

Tellurium  combines  with  the  metals  to  form  tellurides ; these 
correspond  to  the  sulphides  in  composition,  and  have  generally  a 
metallic  appearance.  The  tellurides  of  the  alkali  metals  are  soluble  in 
water,  and  tellurium  separates  from  these  under  the  influence  of  the 
oxygen  of  the  air. 

Tellurium  hydride,  H2Te,  is  obtained  by  the  action  of  the  strong 
acids  on  tellurides ; it  is  a gas  possessing  an  offensive  smell  and 
poisonous  properties,  behaves  similarly  to  the  hydrogen  compounds 
of  sulphur  and  selenium,  and  in  aqueous  solution  is,  like  these,  readily 
decomposed  by  the  oxygen  of  the  air. 

Heated  in  the  air,  tellurium  burns,  forming  the  dioxide,  which 
is  a white  substance  volatile  at  a red  heat.  Tellurous  acid, 
HgTeOg,  is  obtained  by  oxidising  tellurium  with  nitric  acid.  It  is 
a white  mass,  slightly  soluble  in  water,  and  has  only  feebly  acid 
properties.  With  strong  acids,  the  compound  behaves  as  a base, 
hydroxyl  being  eliminated  and  a salt  formed.  Compounds  are  hereby 
produced  which  are  derived  from  a tetracid  base,  Te(OH)4  = H2Te03  + 
H20.  Ihese  salts  are,  however,  also  very  unstable  towards  water, 
just  as,  in  fact,  all  substances  which  can  act  both  as  base  and  as  acid 
yield  in  both  cases  only  slightly  stable  compounds. 
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Tellurous  acid  can  be  converted  into  telluric  acid,  H2Te04,  by 
powerful  oxidising  agents.  This  has  no  similarity  to  sulphuric  or 
selcnic  acid,  for  it  forms  a crystalline  mass,  difficultly  soluble  in  water, 
and  possessing  feebly  acid  properties.  The  crystals  which  can  be 
obtained  from  water  have  the  composition  II2Te04  + 2H20  = Te(OII)6, ' 
and,  on  heating,  pass  first  into  the  acid  H2Te04  and  then  into  the 
anhydride  TeO:r  The  latter  is  a yellow  mass,  which  is  indifferent  t 
towards  water. 

Telluric  acid  also  exhibits  basic  properties. 

Whereas,  therefore,  the  oxygen  compounds  of  tellurium  agree  in 
composition  with  those  of  sulphur  and  selenium,  their  chemical  behaviour 
is  very  different.  It  is,  it  is  true,  a general  phenomenon  that  the 
elements  with  higher  combining  weight  form  more  feebly  acid  or 
more  strongly  basic  compounds  compared  with  the  related  elements  of  i 
lower  combining  weight,  but  it  is  seldom  that  the  phenomenon 
makes  its  appearance  so  abruptly  as  in  the  present  case. 

Finally,  it  has  to  be  mentioned  that  tellurium  combines  with 
chlorine  to  form  the  compounds  TeCl2  and  TeCl4,  and  with  bromine 
to  form  TeBr2  and  TeBr4.  These  are  crystalline  substances,  vola- 
tile without  decomposition  at  moderately  high  temperatures,  and  ie- 
sembling  in  properties  the  halogen  compounds  of  the  metals,  e.g.  of  t 
mercury. 


CHAPTER  XIV 


NITROGEN 

I General. — As  was  shown  on  p.  36,  there  is  present  in  the  air,  besides 
oxygen,  another  substance  which  constitutes  the  greater  part  both  by 

j . weight  and  by  volume.  From  the  fact  that  the  residue  of  the  air 

I I after  removal  of  the  oxygen  can  support  neither  combustion  nor  life, 
it  was  called  azote,  but  it  is  now  called  nitrogen.  Its  chemical  symbol 
is  N,  from  nitrogenium.  This  name  is  due  to  the  fact  that  nitrogen  is 
an  essential  component  of  saltpetre  (nitrum).  Its  combining  weight  is 

11=14-04. 

The  properties  of  nitrogen  are  essentially  those  of  the  air  minus 
those  due  to  oxygen.  Thus,  it  is  colourless,  odourless,  and  only  slightly 
1 soluble  in  water.  Its  molar  weight  is  28  ; as  gas,  therefore,  it  has  the 
formula  N2.  It  is  distinguished  from  oxygen  essentially  by  the  fact 
that  it  is  capable  only  in  a very  slight  degree  of  reacting  chemically 
; with  other  substances.  There  are  only  very  few  substances  which  can 
i unite  directly  ■with  nitrogen.  If,  how^ever,  the  nitrogen  has  once 
i passed  into  combination,  the  substances  which  are  formed  show  a very 
( •considerable  variety  and  power  of  transformation,  so  that  the  range  of 
nitrogen  compounds  is  a large  and  important  one. 

Compounds  of  nitrogen  are  of  frequent  occurrence  both  in  the 
mineral  and,  more  especially,  in  the  organic  kingdoms.  Of  the 
jioriner  there  may  be  mentioned  the  important  groups  of  nitric  acid 
jiand  ammonia ; these  will  presently  be  discussed  in  detail.  In  the 
liorganic  kingdom,  nitrogen  is  in  so  far  of  especial  importance  as  the 
substances  with  which  the  phenomena  of  life  are  directly  connected, 
an  whose  piesence  appears  to  be  necessary  for  the  processes  of  life, 
t viz.,  the  albuminoids,  all  contain  nitrogen. 

Preparation  and  Properties. — In  order  to  obtain  nitrogen,  it 
Ip  0 necessaiT  to  free  the  ordinary  air  from  the  oxygen  it  contains, 
j or  this  purpose,  metals  are  most  suitable  which  combine  with  oxygen 
.an  yield  solid,  non-volatile  oxides.  The  choice  is  someivhat  limited, 

1 r°^  tae  ^act  that  those  metals  which  decompose  water  must  be 
excluded.  These  would  form  hydrogen  from  the  traces  of  water 
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vapour  present,  and  this  would  contaminate  the  nitrogen,  and  could  be 
separated  from  it  oidy  with  difficulty.  The  necessary  conditions  are 

best  found  united  in  copper.  _ I 'j 

If  a current  of  air  be  passed  through  a tube  filled  with  copper  in 
the  form  of  turnings  or  of  thin  wire,  and  raised  to  a medium  red  heat, 
it  yields  up  all  its  oxygen  to  the  copper  and  nitrogen  escapes  and  can 
be  collected  over  water  (Fig.  89).  A colourless  gas  is  obtained,  with 
which  it  is  easy  to  demonstrate  the  property  that  burning  substances,  J 
not  only  wood  but  also  sulphur  and  phosphorus,  are  extinguished  in  it.  J 
The  density  of  the  nitrogen  so  obtained  is  rather  greater  than  that : ; 
of  nitrogen  prepared  from  its  compounds  by  chemical  reactions.  1 his, 
at  first,  puzzling  phenomenon  has  been  explained  by  the  fact  that: 
besides  nitrogen,  there  is  present  in  the  air  a heavier  gas  which  com- 
bines with  copper  just  as  little  as  nitrogen  does,  and  therefore  remains*! 
mixed  with  this.  This  was  separated  in  the  pure  state  from 


atmospheric  nitrogen  by  Rayleigh  and  Ramsay  m 1894,  and  has  been 
found  to  be  an  elementary  substance.  It  has  been  called  argon. 

The  density  of  pure  nitrogen  stands  to  that  of  oxygen  very  nearly  J 
in  the  ratio  7 : 8.  Nitrogen  is,  therefore,  the  lighter  component  of  the 

air,  and,  therefore,  lighter  than  this  itself.  . 

At  - 194°  nitrogen  can  be  condensed  under  atmospheric  pressure 
to  a colourless  liquid,  which  at  - 214°  passes  into  a solid,  ice-like  sub- 
stance 

If ’the  temperature  is  higher  than  - 146",  gaseous  nitrogen  cannot 
be  made  to  assume  the  liquid  state  by  any  pressure;  - 146  is,  there- 
fore, the  critical  temperature  of  this  substance.  The  unheal  pemn ,8 
the  pressure  at  which,  slightly  below  - 146",  condensation  can  still  he 

effected,  amounts  to  35  atm.  „nn_ 

Chemical  criteria,  by  means  of  which  gaseous  nitrogen  can  be  to 
veniently  distinguished  from  other  gases,  scarcely  exist  In  general,  on 
is  content  to  regard  as  nitrogen,  gases  which  are  neither  combusrtk 
nor  support  combustion,  and  which  do  not  combine  with  metals, 


XIV 


NITROGEN 


315 


phosphorus,  and  the  other  reagents  for  gases  which  are  in  use.  Since, 
as  has  been  mentioned,  free  nitrogen  has  little  tendency  to  take  part 
in  chemical  reactions,  it  is  generally  of  no  great  importance  whether 
nitrogen  is  present  or  not;  it  acts  only  as  an  indifferent  diluent  for 
the  other  gases  with  which  it  is  associated. 

If  nitrogen,  under  a small  pressure,  is  rendered  luminous  by  an 
electric  discharge  in  a tube  arranged  for  that  purpose  (p.  96),  a 
spectrum  of  numerous  lines  is  observed  which  is  more  especially  charac- 
terised by  the  appearance  of  bands  shaded  away  on  one  side.  These 
consist  of  numerous  fine  lines  which,  on  the  one  side,  are  closely 
crowded  together,  and  on  the  other  side  are  regularly  arranged  farther 
and  farther  apart.  By  means  of  this  phenomenon,  the  presence  of 
nitro'gen  in  gases  can  be  recognised  with  comparative  ease. 

The  Air. — Although  the  air  by  which  we  are  surrounded  is  a 
mixture,  it  has  to  be  taken  into  account  in  so  many  phenomena  that  a 
special  discussion  must  be  devoted  to  it  here. 

Air  consists,  in  round  numbers,  of  0'21  parts  of  oxygen  and  0‘79 
parts  of  nitrogen,  by  volume.  If  these  volumes  are  multiplied  by  the 
densities  of  the  two  gases  and  divided  by  the  sum  of  the  two  numbers, 
we  obtain  as  the  proportions  by  weight  0‘23  and  0‘77  respectively. 
The  numbers  are  not  perfectly  constant,  since  processes  are  continually 
taking  place  in  the  air  which  tend  to  alter  this  ratio.  Close  investiga- 
tion has,  however,  shown  that  the  differences  which  actually  occur 
move  within  very  narrow  limits  about  the  mean  values,  oxygen  0-210, 
nitrogen  0‘781,  argon  0‘009  parts  by  volume. 

The  influences  which  tend  to  alter  the  composition  of  the  air  con- 
sist, on  the  one  hand,  in  the  withdrawal  of  oxygen  by  oxidations  of  all 
kinds,  i.e.  by  rapid  and  slow  combustions.  On  the  other  hand,  green 
i plants  have  the  property  of  giving  oft  oxygen  to  the  surrounding  air, 
and  the  almost  constant  composition  of  the  air  which  is  observed  is  an 
expression  of  the  fact  that  these  two  opposed  actions  exactly  counter- 
balance one  another. 

If  one  considers  now,  that  the  processes  by  which  oxygen  is 
removed  are  concentrated  in  the  large  towns,  where,  conversely,  the 
evolution  of  oxygen  is  very  small,  whereas,  on  the  other  hand,  the 
evolution  of  oxygen  by  green  plants  occurs  only  in  summer  and  during 
J one  might  expect  much  greater  differences  than  actually  occur. 

The  cause  of  the  equalisation  is  to  be  found  in  the  great  movements 
which  the  ocean  of  air  constantly  experiences.  By  reason  of  these, 
i the  one-sided  actions  do  not  take  place  on  one  and  the  same  isolated 
| poi  tion  of  air,  but  are  distributed  over  large  and  varying  amounts 
1 y^ich  stream  past  over  these  different  localities.  These  movements 
also  produce  an  effective  mixing  of  the  different  portions  of  the  air,  and 
\ the  comparative  constancy  of  the  composition  of  the  atmosphere  is  the 

I CSlllt. 

On  account  of  the  fact  that  the  ratio  of  the  volumes  approximates 
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to  the  round  number  1 : 5,  the  supposition  has  sometimes  been 
expressed  that  the  air  is  a chemical  compound  of  the  two  elements. 
This  view  is  wrong,  for  the  properties  of  the  air  are  those  which  follow 
from  the  properties  of  its  components  on  taking  into  account  the  pro- 
portions of  mixing.  A chemical  compound,  however,  is  characterised 
by  the  fact  that  its  properties  are  essentially  different  from  the  corre- 
sponding mean  values  of  the  properties  of  its  components. 

For  example,  air  alters  in  composition  on  being  dissolved  in 
water,  since  oxygen  dissolves  to  a larger  extent  than  nitrogen.  The 
proportions  in  which  the  two  elements  are  present  in  water  saturated 
with  air,  are  0’35  oxygen  to  0'65  nitrogen.  Further,  the  components 
of  the  air  can  be  separated  by  diffusion  (p.  92),  although  not  very 
successfully,  since  the  two  densities  are  fairly  close  to  one  another. 

Besides  the  two  gases  mentioned,  the  air  also  contains  as  regular 
constituents  water  vapour,  argon,  and  carbon  dioxide.  With  regard 
to  the  first,  the  necessary  data  have  already  been  given  (p.  122) ; the 
other  substances  will  be  discussed  later. 

The  analysis  of  the  air  can  be  performed  in  many  ways.  The 
method  described  above  (p.  314)  can  be  developed  to  a quantitative  one, 
as  indicated  in  Fig.  89.  1 his  is  done  with  greatest  accuracy  by  biinging 

the  air  into  a space  shut  off  by  mercury,  measuring  the  pressure,  tem- 
perature, and  volume,  and  then  removing  the  oxygen  by  means  of  a 
spiral  of  copper  wire  raised  to  a red  heat  by  an  electric  current..  After 
cooling,  the  three  magnitudes  are  again  determined,  and  by  this  means 

the  volume  relation  is  obtained 


In  Fig.  90  an  apparatus  con- 
structed for  this  purpose  is 
shown. 

Instead  of  glowing  copper, 
phosphorus  can  be  used.  This 
has  the  advantage  that  it  re- 
moves the  oxygen  very  com- 
pletely from  the  air  even  at 
the  ordinary  temperature.  The 
phosphorus  is  introduced  in 
the  form  of  thin  rods  into  a 
glass  apparatus  of  the  form  A 
(Fig.  91),  which  is  also  com- 
pletely filled  with  water  to  the 
point  a.  The  air  to  be  in- 
vestigated is  measured  in  a 
graduated  tube,  the  “ gas 
burette  ” i>,  which  is  then 

united  with  the  absorption 
pipette  A by  means  of  a narrow 


tube.  By  raising  the  pressure -tube  D the  air  is  forced  o\cr  to 
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the  phosphorus.  When  the  absorption  of  the  oxygen  is  completed, 
the  nitrogen  is  returned  to  the  gas  burette  by  the  reverse  process,  and 
is  there  measured  after 
the  atmospheric  pressure 
has  been  re-established  by 
! bringing  the  water  levels 
i in  B and  D to  the  same 
height. 

A third  method,  given 
more  than  a hundred 
years  ago  by  Volta  (the 
inventor  of  the  voltaic 
pile),  depends  on  the 
combination  of  oxygen 
with  hydrogen.  The  air 
is  placed  over  mercury 
in  a graduated  tube,  into 
the  upper  end  of  which 

two  platinum  . wires  are  pig.  91. 

fused ; the  volume,  pres- 
sure, and  temperature  are  measured,  and  hydrogen  then  added. 
By  repeating  the  measurement,  the  total  volume  is  ascertained.  On 
allowing  an  electric  spark  to  pass  through  the  mixture,  the  oxygen 
combines  with  the  hydrogen,  and  the  former  entirely  disappears  if 
sufficient  hydrogen  has  been  added.  If  the  gaseous  residue  is  now 
measured,  frds  of  the  volume  which  has  disappeared  consists  of 
hydrogen,  Jrd  of  oxygen.  The  amount  of  oxygen,  by  volume,  in 
the  air  examined  is,  therefore,  obtained  by  dividing  the  diminution 
of  volume,  after  explosion,  by  3. 

Great  importance  was  formerly  attached  to  the  determination  of 
the  amount  of  oxygen  in  the  air,  because ' it  was  believed  that  on  it 
depended  the  good  or  ill  health  of  man  and  beast.  The  fact,  however, 
that  the  variations  which  occur  are  very  small,  and  that  the  volume- 
concentration  of  the  oxygen  in  the  air  is  altered  much  more  than  the 
i amount  of  these  variations  by  the  comparatively  small  changes  in  the 
1 pressure  of  the  air  at  different  times  and  at  different  heights,  has  led 

Ito  the  conviction  that  such  influences  are  not  appreciable  ; the  analysis 
of  the  air  has  thereby  lost  much  of  its  former  interest. 

Oxygen  Compounds  of  Nitrogen. — The  number  of  compounds 
which  oxygen  (partly  along  with  hydrogen)  is  capable  of  forming  with 
!'  nitrogen,  is  very  great.  Instead  of  treating  these  strictly  systemati- 
» cally  according  to  their  composition,  it  will  be  more  expedient  to  first 
consider  the  most  important  and  most  widely  distributed  of  them,  from 

[ which  the  majority  of  the  compounds  are  formed.  These  are  nitric 
acid  and  its  salts,  the  nitrates. 

Nitric  acid  is  an  acid  of  the  composition  HNO.,.  Its  occurrence 
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in  the  free  state  in  nature  is  exceptional,  for  the  reason  that  it  is  a 
strong  acid,  and,  therefore,  at  once  forms  salts.  All  the  more  fre- 
quent and  widely  distributed  are  the  salts  of  nitric  acid,  or  the 
nitrates.  Saltpetre,  or  potassium  nitrate,  KN03,  has  been  known 
from  ancient  times,  and  occurs  in  the  earth  in  places  where  nitro- 
genous animal  substances,  especially  animal  excremental  matter,  is 
subjected  to  the  action  of  the  atmospheric  oxygen.  It  can  be  readily 
obtained  by  extracting  the  earth  with  water  and  evaporating  the 
solution.  Sodium  nitrate,  NaNOa,  known  as  Chili  saltpetre,  is  found 
accumulated  in  the  rainless  districts  of  Chili,  and  serves  as  the  most 
important  source  of  nitric  acid  and  of  its  derivatives.  Finally,  it  has 
to  be  mentioned  that  the  nitrogen,  oxygen,  and  water  in  the  air  can, 
under  the  influence  of  electrical  processes,  combine  to  nitric  acid,  which 
is,  therefore,  not  infrequently  found  in  the  form  of  its  salts  in  rain- 
water, although  in  very  small  amounts. 

Pure  nitric  acid,  HNOg,  is  obtained  by  distilling  its  salts  with 
sulphuric  acid.  The  corresponding  sulphate  is  formed,  and  the  nitric 
acid,  which  is  readily  volatile,  can  be  distilled  off  from  the  non- 
volatile salts.  With  sodium  nitrate,  the  reaction  takes  place  accord- 
ing to  the  equation 

2NaNOg  + H2S04  = 2HN03  + Na2S04. 

In  this  case,  also,  the  process  takes  place  in  two  stages  ; acid 
sodium  sulphate  is  first  formed  (p.  289),  NaN03  + H,S04  = NaHS04  4- 
HN03,  and  the  other  reaction,  NaHS04  + NaN03  = Na2S04  + HN03, 
takes  "place  only  at  higher  temperatures.  Since  at  the  temperature 
necessary  for  this  the  nitric  acid  is  unstable  and  decomposes  into  other 
substances,  it  is  usual  to  take  the  components  in  accordance  with  the 
former  partial  reaction,  nitric  acid  being  obtained  along  with  acid 
sodium  sulphate.  Likewise,  it  is  customary  to  add  a little  water  to  the 
sulphuric  acid,  as  aqueous  nitric  acid  does  not  decompose  nearly  so 
readily  when  heated  as  the  anhydrous  acid. 

# However,  by  carrying  out  the  distillation  in  a rarefied  atmosphere 
at  a lower  temperature  (p.  157),  the  above  disadvantages  can  be 
removed.  In  the  manufactures,  almost  pure  nitric  acid  is  prepared 
on  the  large  scale  at  the  present  day  by  distillation  under  reduced 

pressure.  ^ .g  & colourless  liquid,  with  a density  1'56,  and 

boils  at  86°.  It  does  not  keep  well,  for  even  under  the  influence  of 
lio-ht  it  decomposes  into  oxygen  and  lower  (i.e.  containing  less  oxygen) 
compounds  of  nitrogen,  which  dissolve  with  a yellow  colour  in  the 
rest  of  the  acid.  Addition  of  water  makes  it  much  more  stable.  1 he 
cause  of  this  is  the  same  as  that  previously  given  in  the  case  of  per- 
chloric acid  (p.  210) ; nitric  acid  has  a great  tendency  to  form  ions,  and, 
therefore,  processes  by  which  water  is  produced  from  the  acid,  take 
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> place  with  especial  readiness.  This  is  what  occurs  in  the  decomposi- 
tion of  nitric  acid  under  the  influence  of  light,  for  the  hydrogen  of  the 
, acid  thereby  passes  into  water. 

On  adding  increasing  quantities  of  water  to  the  acid,  the  boiling 
- point  of  the  latter  rises  not  only  to  that  of  water  but  considerably 
ii  higher.  The  highest  boiling  point,  120°  under  atmospheric  pressure, 
is  possessed  by  the  68  per  cent  acid.  On  further  addition  of  water, 
the  boiling  point  again  sinks,  and  ultimately  reaches  that  of  water. 

The  relations  which  obtain  here  are  therefore  perfectly  similar  to 
| those  in  the  case  of  hydrochloric  acid  (p.  182).  In  this  case  also,  the 
mixture  of  0‘68  nitric  acid  and  0-32  water,  which  corresponds, 
approximately,  to  the  formula  2HNO;!  + 3H.,0,  must  not  be  regarded 
as  a chemical  compound,  for  its  composition  changes  with  the  pressure. 
In  this  case,  indeed,  the  acid  is  all  the  more  concentrated  the  higher 
the  pressure  under  which  the  distillation  proceeds. 

The  Chemical  Properties  of  Nitric  Acid. — The  properties 
•which  are  possessed  by  nitric  acid,  as  an  acid,  must  be  distinguished 
nfrom  those  which  pertain  to  it  in  respect  of  other  decompositions. 
The  former  depend,  as  has  previously  been  explained  (p.  242),  essenti- 
ally on  the  extent  to  which  the  acid  contains  hydrion ; the  others, 
however,  depend  on  the  composition  and  the  stability  of  the  anion, 
[and  of  the  undissociated  acid. 

With  regard  to  the  first  point,  nitric  acid  belongs  to  the  strongest 
■acids,  and,  in  this  respect,  ranks  along  with  hydrochloric  acid.  Accord- 
ingly, even  at  great  dilution,  it  has  an  acid  taste  and  reddens  litmus. 
Likewise,  it  readily  attacks  and  dissolves  metals.  In  this  case,  how- 
ever, hydrogen  is  frequently  not  liberated  as  such,  but  combines  with 
the  oxygen  of  the  nitric  acid  to  form  water,  corresponding  reduction 
products  being  thereby  formed. 

Since  the  dissociation  increases  with  dilution,  the  general  acid 
properties  of  this  substance  will  become  most  prominent  in  dilute 
[solutions,  whereas,  on  the  other  hand,  the  specific  actions  which  have 
just  been  mentioned  will  be  chiefly  found  in  concentrated  solutions. 

As  can  be  gathered  from  the  statement  made  above,  that  pure 
nitric  acid  decomposes  even  under  the  influence  of  light,  this  substance 
■belongs  to  the  same  type  of  compounds  as  ozone  and  hydrogen 
•peroxide,  viz.  compounds  which  can  give  up  oxygen  and  pass  into 
inore  stable  substances,  and  which,  therefore,  act  as  strong  oxidising 
i-igents.  As  a matter  of  fact,  this  is  the  most  prominent  property  of 
■nitric  acid,  and  most  of  its  applications  depend  on  it. 

Ihis  property  of  nitric  acid  first  became  known  in  the  case  of  its 
action  on  the  metals.  There  are  a number  of  metals,  such  as  copper, 
mercury,  and  silver,  which  are  not  dissolved  by  dilute  acids.  On  the 
other  hand,  they  are  precipitated  from  their  salts  by  hydrogen.  The 
oause  of  this  lies  in  the  very  different  conditions  under  which  chemical 
equilibrium  between  the  metals  and  hydrogen  is  established.  Since 
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a substance  acts  all  the  move  strongly,  i.e.  has  a greater  tendency  t< 
disappear  as  such,  the  more  concentrated  it  is,  it  can  be  imagines 
that  all  metals  will  be  precipitated  from  their  salts  by  hydrogen,  i 
this  is  employed  in  suitable  concentration.  Such  a reaction  a: 

Zn  + HoSO t = ZnS04  + H2  could  then  be  reversed,  so  that  zinc  ant' 
sulphuric  acid  would  be  produced  from  zinc  sulphate  and  hydrogen. 

The  different  metals,  now,  are  distinguished  by  the  differen 
concentrations  of  hydrogen  required  for  such  a reaction.  Whereas- 
in  the  case  of  zinc,  it  would  require  to  be  very  great,  since,  indeed 
the  decomposition  of  the  acids  by  this  metal  takes  place  so  easily,  i 
would,  on  the  other  hand,  be  very  small  in  the  case  of  silver,  fo: 
hydrogen,  even  under  the  ordinary  pressure,  and  therefore  of  th< 
correspondingly  small  concentration,  is  sufficient  to  precipitate  silvei 
in  the  metallic  state  from  its  salts.  All  the  metals  can,  accordingly, 
be  arranged  in  a series,  beginning  with  the  metal  which  requires  th 
greatest  concentration  of  hydrogen  for  its  precipitation,  and  ending 
with  that  which  is  in  equilibrium  with  the  most  dilute  hydrogen 
This  series  would  be  most  naturally  divided  into  two  parts  at-  tha. 
point  at  which  the  concentration  of  the  hydrogen  corresponds  exactly 
to  one  atmosphere.  This  is,  it  is  true,  an  arbitrary  choice,  but  ii 
corresponds  to  by  far  the  greatest  number  of  cases  in  which  the 
behaviour  of  the  metals  is  tested  or  comes  into  question. 

To  the  first  division,  that  of  the  metals  which  evolve  hydrogen' 
belong,  in  the  first  place,  all  the  light  metals,  and,  of  the  heavy  metalff 
those  belonging  to  the  iron  group.  The  heavy  metals  of  the  othe. 
oToups  belong  chiefly  to  the  second  division,  but  tin  is  an  exception 
and  lead  stands  on  the  border.  These  relations  will  be  more  fully 

discussed  under  the  different  metals.  . 

Those  metals,  now,  which  are  not  dissolved  by  dilute  acids  wittt 
evolution  of  hydrogen,  are,  for  the  most  part,  readily  dissolved  by 
nitric  acid.  This  is  due  to -the  fact  that  the  nitric  acid  converts  the 
hydrogen  which  is  first  formed  in  the  action,  although  only  ir 
immeasurably  minute  traces,  into  water  by  oxidation  and  remove: 
it  therefore,  from  the  sphere  of  action.  In  other  words,  its  action  if 
to  maintain  an  exceedingly  small  concentration  of  hydrogen,  anc 
thereby  make  it  possible  for  more  of  the  metal  to  pass,  into  solution. 

There  are  also  some  metals,  such  as  gold  and  platinum,  which  art 
not  dissolved  by  nitric  acid.  This  depends  on  the  fact  that  even  the 
small  concentration  of  hydrogen  obtained  by  means  of  nitric  acid,  if  j 
too  oreat  to  allow  of  a reaction  taking  place  in  the  sense  of  a displace* 
ment  of  hydrogen.  In  order  to  dissolve  such  metals,  stronger  oxidis 
ing  agents  are  required,  by  which  a still  smaller  concentration  o 

hydrogen  is  achieved.1  , { 

This  peculiarity  of  nitric  acid  of  dissolving  silver  but  of  u H 

i Solution  is  also  obtained  with  more  feeble  oxidising  agents  provided 
formed  is  particularly  stable.  We  shall  enter  into  this  at  a later  time. 
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: gold  unattacked,  is  used  for  the  separation  of  mixtures  or  alloys 
, of  the  two  metals ; on  treatment  with  nitric  acid  the  silver  passes 
i into  solution,  whereas  the  gold  remains  undissolved.  On  account 
' of  its  solvent  power,  this  acid  was  called  aqua  fortis  by  the 
alchemists. 

* Those  metals  which,  like  zinc  and  magnesium,  dissolve  in  dilute 
acids  with  evolution  of  hydrogen,  are  also  dissolved  by  nitric  acid. 

I In  spite  of  the  fact  that  they  are  dissolved,  the  evolution  of  hydrogen 
in  these  cases  appears  greatly  diminished.  This  also  is  due  to  the 
K fact  that  the  hydrogen  combines  with  the  oxygen  of  the  nitric  acid  to 
form  water;  in  this  case,  however,  the  removal  of  oxygen  goes  further, 
i and,  in  place  of  the  brown,  gaseous  products  of  reduction,  compounds 
of  nitrogen  are  formed  which  contain  hydrogen.  These  have  basic 
, properties,  and  remain,  therefore,  dissolved  in  the  acid  liquid,  with 
: formation  of  salts.  The  last  product  of  this  reaction  is  ammonia, 

. which  will  be  discussed  further  on. 

The  Salts  of  Nitric  Acid  — Nitric  acid  is  a monobasic  acid,  and 
forms  only  one  class  of  salts,  namely,  monovalent  metals  give  salts 
of  the  formula  MN03,  divalent  metals,  salts  of  the  formula  M(N03).„ 
fete.  These  salts  can  be  formed  in  all  the  ways  we  have  got  to  know 
in  which  salts  are  formed,  for  example,  by  the  action  of  nitric  acid  on 
r bases  or  hydroxides. 

The  nitrates  all  have  the  property  of  being  more  or  less  readily 
soluble  in  water,  so  that  no  precipitation  reaction  is  known  for  the 
ion  N03'.  By  reason  of  the  large  amount  of  oxygen  they  contain,  the 
1, salts  detonate  when  thrown  on  incandescent  charcoal,  i.e.  the  charcoal 
undergoes,  at  the  expense  of  the  oxygen  of  the  nitrate,  rapid  com- 
ibustion  combined  with  vivid  production  of  light.  The  oxygen  is 
nliberated  by  the  heat,  for  although  the  nitrates  are  much  more  stable 
ithan  nitric  acid,  they  all  exhibit  the  property  of  decomposing  at 
moderately  high  temperatures  with  evolution  of  oxygen,  the  metal 
lthereby  generally  remaining  behind  as  oxide. 

! The  most  important  applications  of  the  nitrates,  also,  depend  on 
•-the  readiness  with  which  they  give  up  oxygen.  These  will  be  men- 
tioned in  describing  the  salts  under  the  respective  metals. 

The  identification,  also,  of  nitric  acid  and  of  the  nitrates  depends 
on  their  oxidising  action.  If  a liquid  containing  a nitrate  is  warmed 
j’with  some  copper  and  sulphuric  acid,  the  copper  is  oxidised,  and  the 
products  of  the  reduction  of  the  nitric  acid  are  evolved  as  brown 
[fumes,  which  are  readily  recognised.  Smaller  quantities  of  N03'  can 
he  detected  by  colouring  the  acid  liquid  to  be  investigated  with  some 
indigo,  and  heating.  Indigo  is  a dye  which  can  be  recognised  even  in 
very  small  quantities  by  its  pure  blue  colour,  and  which  is  readily 
[oxidised  to  colourless  or  yellowish  coloured  products.  If,  therefore, 
he  acidified  blue  liquid  becomes  colourless  when  heated,  the  presence 
pf  nitric  acid  can  be  conjectured.  The  test  is,  however,  not  un- 
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equivocal,  since  other  oxidising  agents  (e.y.  chloric  acid)  also  decolorise 
indigo. 

An  unmistakable  test  consists  in  the  dark  coloration  produced  by 
iron  salts  in  liquids  containing  nitrates.  I he  theory  and  piactical  i 
details  of  this  reaction  will  be  given  somewhat  later  in  connection  ' < 
with  the  compound  here  in  question,  viz.  nitric  oxide. 

Nitrogen  Pentoxide. — If  pure  nitric  acid  be  treated  with 
dehydrating  agents,  it  loses  the  elements  of  water  and  passes  into 
its  anhydride  (p.  210),  in  accordance  with  the  equation 

2HN03  - H20  = N205. 

To  effect  this  reaction  it  is  not  sufficient  to  use  sulphuric  acid,  but  l < 
the  most  powerful  desiccating  agent  known,  viz.  phosphorus  pentoxide, 
must  be  employed.  This  substance,  which  we  shall  soon  describe  more  . 
fully,  is  a white,  snow-like  powder,  obtained  by  burning  phosphorus  • 
in  dry  air.  If  this  is  added  to  nitric  acid  contained  in  a retort,  and 
the  mixture  distilled  after  some  time,  the  anhydride  of  nitric  acid  :| 
passes  over  as  a mobile,  very  volatile  liquid,  which  soon  solidifies  to  I 
a white,  crystalline  substance,  melting  at  30  . This  is  exceedingly  { 
unstable,  and  decomposes  spontaneously  into  oxygen  and  nitrogen  il 
peroxide:  2N906  = 4N02  + 02.  The  decomposition,  also,  is  not  pre- 
vented by  sealing  up  the  substance  in  tubes  and  thus  protecting  it  t 
from  the  action  of  the  air;  such  tubes  usually  explode  after  some  • 
time,  when  the  pressure  of  the  gaseous  products  of  decomposition  has.* 

become  great  enough.  . . 

Nitrogen  pentoxide  dissolves  in  water,  with  formation  of  mtiicd 

acid,  the  process  expressed  in  the  above  equation  taking  place  in  the< 


reverse  sense.  . . . 

Thermochemical. — The  heat  of  formation  of  solid  mtiogem 

pentoxide  is  55  kj,  that  of  the  gaseous, _ zero.  On  dissolving  in > water  r 
70  kj  are  developed,  two  moles  of  dilute  nitric  acid  being  ther  J. 
produced  We  have,  therefore,  the  equation  2N2  + 50,  + aq.  - 
4HNO  aq.  + 2 x 125  kj.  If  it  is  desired  to  refer  the  heat  of  formation 
of  nitric  acid  to  the  elements  hydrogen,  oxygen,  and  nitrogen  the, 
heat  of  formation  of  water,  2H2  + 02  = 2H20  + 2 x 286  kj,  has  to  he 
added,  and  there  is  obtained 

H2  + N2  + 302  + aq.  = 2HNO3  aq.  + 411  kj. 

The  heat  of  formation  of  one  mole  of  dilute  nitric  acid  from  hydrogen, 
nitrogen,  oxygen,  and  water,  is,  therefore,  205  kj.  I 

Nitric  Oxide. — Lower  oxides  of  nitrogen  are  forme  . j 
action  of  nitric  acid  on  copper  or  other  metals.  The ' "f 
reaction  has  already  been  explained ; it  depends  on  the  fact  that  t 
hydrogen  of  the  nitric  acid  which  is  replaced  by  the  metal  con i 
with  the  ox vtren  of  another  portion  to  form  water,  \arious  piod 
of  reduction  are  here  formed,  according  to  the  metals,  the  tempera  urc, 
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| and  the  concentration  of  the  acid  employed.  Of  these  compounds, 
,1  nitric  oxide  can  be  most  easily  prepared  pure.  The  equation 
i according  to  which  it  is  formed  is 

3Cu  + 8HNO;!  - 3Cu(N03)2  + 2NO  + 4H,0. 

In  explanation  it  should  be  remarked  that  copper  is  divalent 
, (p.  152),  and  therefore  occupies  the  place  of  two  combining  weights 
of  hydrogen  in  nitric  acid.  Copper  nitrate,  which  is  formed  in  this 
reaction,  has,  therefore,  the  formula  Cu(NO;J).;. 

The  preparation  is  carried  out  by  allowing  not  too  concentrated 
nitric  acid  to  act  on  copper  wire  or  drippings.  Brown  coloured  gases 
are  evolved,  which  become  colourless  on  being  passed  through  water, 

; t and  then  consist  of  nitric  oxide.  The  molar  weight  of  this  gas 

. o o 

i amounts  to  30,  in  agreement  with  the  formula  given,  NO. 

Nitric  oxide  is  dissolved  only  slightly  by  water,  and,  in  its  physical 
properties,  behaves  quite  similarly  to  the  so-called  permanent  gases, 
oxygen,  hydrogen,  and  nitrogen.  Under  the  ordinary  pressure,  it 
does  not  liquefy  till  - 154°,  and  its  critical  temperature  is  - 93°. 

The  most  conspicuous  property  of  this  compound  is  its  power  of 
combining  at  the  ordinary  temperature  with  oxygen.  If  a cylinder 
filled  with  nitric  oxide  is  opened  in  the  air,  its  contents  at  once 
become  brown,  since  the  gas  absorbs  oxygen  and  passes  into  the 
compound  N02,  which  is  coloured  brown.  If  pure  oxygen  be  passed 
into  nitric  oxide  standing  over  water,  the  volume,  instead  of  increasing, 

: diminishes,  and  by  careful  addition  of  oxygen,  all  the  gas  can  be  made 
to  disappear.  This  is  due  to  the  fact  that  the  compound  formed,  NO.,, 

- is  dissolved  by  the  water. 


Formerly,  attempts  were  made  to  employ  this  reaction  for  the 
analysis  of  the  air,  by  mixing  this  with  a measured  amount  of 
“nitrous  air”  and  determining  the  diminution  of  volume.  The 
process,  however,  varies  somewhat  according  to  circumstances,  so  that 
the  analysis  by  this  method  cannot  be  made  sufficiently  exact. 

Nitric  oxide  readily  dissolves  in  solutions  of  ferrous  salts,  with 
production  of  a dark,  brown-violet  coloration.  This  phenomenon,  the 
explanation  of  which  cannot  be  given  till  later  (Chap.  XXVII.),  serves 
•as  a convenient  aid  to  the  detection,  not  only  of  nitric  oxide,  but  also 
:of  all  the  other  oxygen  compounds  of  nitrogen,  which  are  first  con- 
certed into  nitric  oxide  by  the  iron  salt  employed  (usually  ferrous 
sulphate).  On  heating  to  boiling,  the  dark  brown  iron  compound 
decomposes  again  into  the  iron  salt  used  and  nitric  oxide,  which 
-escapes.  In  this  way  pure  nitric  oxide  can  be  prepared  by  absorbing 
he  impure  gas  by  means  of  a ferrous  salt,  and  then  expelling  it 
f ro^;  tIle  solution  by  heat.  The  other  gases  are  either  not  absorbed 
j°r  theJ  are  not  given  off  on  heating. 

In  making  use  of  this  phenomenon  as  a reaction  for  the  detection 
j-7  e oxygen  compounds  of  nitrogen,  the  substance  to  be  tested 
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Fig.  92. 


dissolved  in  a small  quantity  of  concentrated  sulphuric  acid.  To 
this  a solution  of  ferrous  sulphate  is  added,  care  being  taken  that 
it  does  not  mix  with  the  acid,  but  forms  a layer  above  it ; the  great 
difference  in  density  makes  this  easy  to  do.  If  an  oxygen  compound 
of  nitrogen  is  present,  a dark  layer  is  formed  after  some  time  between 
the  two  liquids,  and  has  the  appearance  of  a dark  band  when 
viewed  from  the  side  (big-  92). 

Nitric  oxide  decomposes  fairly  readily  into  oxygen  and 
nitrogen.  For  this  reason,  phosphorus  burns  in  this  gas  with 
a bright  flame  in  a manner  similar  to  what  it  does  in  oxygen. 

All  the  same,  the  oxygen  is  not  present  here  in  the  free  state, 
and  in  the  case  of  feeble  actions  at  a lower  temperature,  the 
oxygen  is  not  separated  with  sufficient  rapidity  to  maintain 
the  combustion.  Thus  glowing  charcoal  and  burning  sulphui 
are  extinguished  in  nitric  oxide,  whereas  brightly  burning  wood 
continues  to  burn.  Its  heat  of  formation  is  -90  ly ; a considerable 
amount  of  heat,  therefore,  is  developed  in  its  decomposition. 

Nitrogen  Peroxide. — The  brown  gas  which  is  immediately  y 
formed  by  the  combination  of  oxygen  with  nitric  oxide  contains* 
twice  as  much  oxygen  as  the  latter.  By  means  of  a freezing  mixture 
it  can  be  easily  condensed  to  a liquid  of  a yellow-red  colour  the  colour 
of  which  is  all  the  feebler  the  lower  the  temperature.  If  the  tempera-, 
ture  is-  sufficiently  low,  the  liquid  solidifies  to  almost  colourless  crystals  * 
which  melt  at  - 12°.  At  22°,  the  liquid  boils. 

In  accordance  with  what  has  been  said,  the  formula  of  the 
compound  is  NO,,  or  a multiple  of  this.  On  attempting  to  obtain 
information  on  this  point  from  the  vapour  density,  values  are  obtainec  4 
for  the  molar  weight  which  vary  with  pressure  and  temperature,  ihe  - 
lower  the  temperature  and  the  higher  the  pressure  the  more  nearly 
does  the  molar  weight  approach  the  value  92  ; on  the  other  hanc  on, 
raising  the  temperature  and  diminishing  the  pressure,  the  numbers^ 
approach  the  value  46.  At  100°  the  value  46  is  reached  even  under-, 
a1  pressure  of  2 -3  cm,  and  on  further  diminution  of  the  pressure-. 

remains  constant  atij 

At  the  same  time,  the  colour  of  the  vapour  changes.  M heieas  at 

comparatively  low  temperatures  a medium  yellow-brown  colour  is 
be  observed, ‘the  coloration  becomes  darker  and  darker  red4jro™J** 
more  one  passes  into  the  region  of  small  vapour  density,  and,  hnalb 
the  vapour  is  black-red  and  almost  opaque  even  m thin  layers  U 
lowering  the  temperature  and  increasing  the  pressure,  the  former  pale 

C°"r  relations  can  be  easily  made  clear  by  filling  two  sinnlar  j 
tubes  of  about  2 cm.  diameter  with  the  vapour  of  nitrogen  peri- 
3r  the  same  conditions,  sealing  them  off  and  heatmg  of  ^ 

Whereas  the  tube  which  is  kept  at  the  ordinal}  tempei.  1 
pale  brown  in  colour,  the  heated  one  soon  acquires  a pronounced 
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colour.  The  comparability  of  the  two  tubes  is  assured  by  the  fact 
that,  under  these  conditions,  both  contain  the  same  amount  of  sub- 
stance independent  of  the  temperature. 

These  phenomena  are  explained  by  the  fact  that  there  are  two 
different  compounds  of  the  same  composition,  which  are  polymeric, 
the  one  containing  twice  as  many  combining  weights  of  the  two 
components  as  the  other.  In  accordance  with  the  density,  the  former 
has  the  formula  NCR,  the  other  N204.  The  former  is  dark  coloured, 
and  is  formed  at  a high  temperature  and  under  a small  pressure  ; the 
latter  is  almost  colourless,  and  is  formed  from  the  former  under  the 
opposite  conditions.  Under  all  circumstances,  the  vapour  of  nitrogen 
peroxide  is  a mixture  of  the  two  forms,  and  the  relative  amounts  of 
these  can  be  calculated  from  the  density  of  the  vapour. 

■'  Thus,  at  50°  and  49’8  cm.  pressure,  the  molar  weight  D has 
been  found  equal  to  62.  If  a;  be  the  fraction  of  the  total  amount 
by  volume  formed  by  NO,,  that  formed  by  N,04  is  equal  to  1 - x, 
and  a mixture  of  the  two  has  a molar  weight  I)  = 46®  + (]  - ,r)92. 

Hence,  x = “45  > from  which,  substituting  the  value  of  D = 62, 


I ■«-  0‘65.  U nder  the  above  conditions,  therefore,  the  vapour  con- 
i' tained  0'65  volumes  of  the  simple  compound  and  0‘35  volumes  of 
I the  double  compound.  Since  the  weight  of  the  latter  is  equal  to 
0'70  volumes  of  the  simple  one,  the  fractional  amount  of  the  simple 

u compound  by  weight  is  + Q.70  = 0’48. 

There  exists,  therefore,  between  the  two  forms  NO,  and  N,04  a 
: chemical  equilibrium,  in  consequence  of  which  the  relative  quantities 
of  the  two  forms  are  determined  by  the  temperature  and  pressure. 
If  two  of  these  magnitudes  are  given,  the  third  is  also  fixed,  i.e,  at  a 
given  temperature  and  a given  pressure  only  one  definite  ratio  can 
1 exist  between  the  two  components.  On  the  other  hand,  a perfectly 
definite  temperature  is  required  if  it  is  desired  to  obtain  under  a given 
pressure  a given  ratio  between  the  components. 

[ The  law  which  this  equilibrium  obeys  is  expressed  by  the  formula 


a2  fb  = k, 

1 |v^ere  a denotes  the  concentration  of  the  form  NO,,  and  b that  of  the 
r onn  -^2^4  > h is  a magnitude  lvhich  is  dependent  on  the  temperature, 
ut  which,  at  constant  temperature,  is  constant.  It  is,  therefore,  also 
!’  ^dled  the  equilibrium  constant. 

til  i,  ^ concentration  is  understood  the  calculated  amounts  in  moles  of 
the  substances  present,  divided  by  the  volume  measured  in  cc. 

The  above  equation  states  that  when  the  concentration  of  the  two 
' orms  ls  diminished  by  increasing  the  total  volume,  the  ratio  of  their 
' amounts  does  not  remain  unchanged.  For  example,  if  the  volume  is 
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so  much  increased  that  <i  diminishes  to  half  its  value,  b must  also  j 
diminish,  not  to  half  but  to  a fourth,  in  order  that  the  equation  may 
be  fulfilled.  In  other  words,  on  increasing  the  volume,  i.t>.  diminishing 
the  pressure,  a portion  of  the  form  N204  must  change  into  ^ Oj,  as  was  , 
stated  above  as  the  result  of  experiment. 

If  we  reflect  that  by  the  change  just  mentioned  of  the  more  dense 
into  the  less  dense  form,  the  pressure  must  become  greater  than  it 
would  be  if  this  change  did  not  occur,  we  see  that  the  formula  stated 
above  is  a restatement  of  the  law  which  was  given  in  a qualitative 
form  on  p.  231  ; namely,  when  a system  undergoes  change,  the  process 
results  which  opposes  this  change.  If  the  pressure  is  diminished, 
a portion  of  the  denser  gas  decomposes  and  again  partially  cancels  > 
the  diminution  of  pressure.  On  the  other  hand,  if  the  volume  is  - 
diminished,  the  pressure  does  not  increase  in  the  same  proportion  as 
in  a single  gas,  but  a portion  of  the  N0.2  polymerises  to  N204,  and  the 

pressure  cannot  become  so  great.  . J 

Further,  it  has  been  established  that  heat  is  developed  in  the  i 
combination  of  NO,  to  N,04.  In  accordance  with  the  same  principle 
therefore,  if  the  temperature  be  raised,  that  process  will  occur  which  a 
opposes  the  rise  of  temperature,  i.e.  N204  will  decompose  into  NO,,  „ 
because  this  process  absorbs  heat.  This  conclusion  is  also  borne  out 

by  experiment.  . . . 

* The  heat  of  formation  of  nitrogen  peroxide  in  its  simple 

form  NO,  amounts  to  -32  Tcj  ■,  it  therefore  absorbs  energy  in  its - 
formation"  In  passing  into  the  other  form,  N,04,  heat  is  dei  eloped : 

2NO,  = N904  + 54  hj.  , . , , . 

The  Law  of  Mass  Action.— The  relationships  which  have  just 

been  set  forth  form  a special  case  of  a general  law  which  governs  all, 
chemical  states  of  equilibrium.  It  can  be  expressed  in  the  following. 

form. 


Let  a chemical  reaction  between  rnv  m.2, 


and  nv  n.v 


stances  A4,  A,,  . 
sented  by  an  equation  of  the  form 


moles  of  B, 


moles  of  the  sub- 
B„  ...  be  repre- 


m1A1  + m2A2  + m3A3  + . • • — «1B1  + «2B2  + w3B3  + . 


then  equilibrium  will  exist  when  the  concentrations  ax,  a,,  y . • • v 
h ...  of  the  reacting  substances  have  acquired  certain  'alues.. 


These  values  are  given  by  the  following  equation  : 


mi 


ar- . a”'3 


6/1  • V 


V'3 


= k. 


The  concentrations  of  the  substances  standing  on , t\y  jj^0f 
the  reaction  equation,  therefore,  appear  in  the  , d(r>ction. 

the  substances  on  the  other  side,  in  the  denominator,  of ^ 
and  each  concentration  appears  as  a factor  as  many  time  « 
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of  the  moles  with  which  the  particular  substance  takes  part  in  the  re- 
action. It  is  here  presupposed  that  the  reaction  equation  is  written 
in  molecular  or  molar  formulas.  The  magnitude  k is  constant  at  a 
given  temperature,  i.e.  it  is  independent  of  the  absolute  value  of  the 
concentrations,  but  changes  with  the  temperature. 

Only  gaseous  and  dissolved  substances  can  have  varying  concentra- 
tions. In  the  case  of  solid  substances  and  homogeneous’  liquids,  the 
concentration  changes  so  little  with  the  pressure  that  its  influence  is 
scarcely  appreciable.  For  this  reason,  in  all  cases  where  solid  sub- 
stances and  homogeneous  liquids  take  part  in  an  equilibrium,  the 
corresponding  members  occurring  in  the  fraction  on  the  left  of  the 
equation  become  constant,  and  can  be  brought  over  to  the  right-hand 
side,  where  they  form  all  together  a product  which  is  constant  for 
i constant  temperature. 

This  simple  equation  is  the  foundation  of  the  ivhole  theory  of  chemical 
equilibrium , and  is  applied  in  all  cases  where  such  questions  have  to  be 

treated. 

* As  an  example  of  its  application,  the  more  exact  discussion  of 
the  case  mentioned  on  p.  99  may  be  given;  this  deals  with  the  chemi- 
cal equilibrium  between  water  vapour,  iron,  iron  oxide,  and  hydrogen. 
The  oxide  of  iron  formed  has  the  formula  Fe304,  and  the  equation, 
therefore,  runs — 

4H20  + 3Fe  = 4H2  + Fe304,  ' 

and  the  equation  of  equilibrium — 


afaf/bfb2  = Jc. 


Here,  however,  a.2  and  b2  refer  to  solid  substances  (iron  and  iron 
oxide),  and  are,  therefore,  constant.  On  bringing  them  over  to  the 
right,  there  follows,  afj bf  = bjcjaf,  or,  extracting  the  fourth  root  and 

putting  the  expression  kbjaf  equal  to  K,  we  obtain  ajb1  = K. 

That  is  to  say,  the  ratio  of  the  concentration  (or  the  partial  pressure) 
of  the  water  vapour  and  the  hydrogen  must,  at  a given  temperature, 
1 have  a constant  value,  or,  the  two  concentrations  must  be  proportional. 
This  is  exactly  what  has  been  given  by  experiment. 

The  Influence  of  Temperature  on  Chemical  Equilibrium. — 
The  view  is  often  found  very  wide-spread  that  at  a very  high  tempera- 
ture all  chemical  compounds  must  decompose  into  their  components, 
and  that  at  places,  therefore,  where  such  a temperature  prevails,  e.g. 
on  the  sun,  the  chemical  elements  can  exist  side  by  side  only  in  the 

I uncombined  state. 

On  questioning  experiment  and  the  theory  which  has  been  devel- 
oped on  the  basis  of  the  general  laws  of  energy,  another  answer  is  given 
by  both.  By  applying  the  general  principle  of  movable  equilibrium, 
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which  states  that  whenever  an  equilibrium  is  compelled  to  change,  pro- 
cesses occur  which  oppose  the  compelling  force,  we  must  say  that  at 
higher  temperatures  that  reaction  will  occur  which  opposes  the  rise  of 
temperature,  i.e.  which  absorbs  heat.  If  all  chemical  decompositions 
took  place  with  absorption  of  heat,  the  view  cited  above  would  be  i 
correct.  There  are,  however,  numerous  substances  (and  to  these  the  t ! 
oxygen  compounds  of  nitrogen  almost  all  belong)  which  are  formed 
from  their  elements  with  absorption  of  energy.  It  is  just  at  higher 
temperatures  that  such  compounds  become  more  stable,  and  they  can- 
not, therefore,  be  decomposed  by  heat. 

Numerous  examples  of  this  general  law  are  known.  Thus,  the 
vapour  pressure  of  evei’y  liquid  increases  with  rise  of  temperature,  i.<-. 
more  liquid  evaporates  into  the  given  space  because  the  evaporation 
takes  place  with  absorption  of  heat.  If  a liquid  should  ever  be  found  Ij 
which  passed  into  vapour  with  development  of  heat,  it  would  also 
necessarily  have  the  property  that  its  vapour  pressure  would  diminish  i 
with  rise  of  temperature. 

On  considering  the  equation  of  equilibrium  on  p.  326  from  this  point  t 
of  view,  it  can  be  said  that,  with  a rise  of  temperature,  those  substances  - 
must  increase  which  are  formed  with  absorption  of  heat  from  the  sub-  - 
stances  on  the  other  side  of  the  equation  of  reaction.  Fiom  this  it . 
can  always  be  seen  in  what  sense  a chemical  equilibrium  will  be  shifted 
with  rise  of  temperature. 

In  the  example  cited  above,  heat  is  developed  by  the  action  of 
water  vapour  on  iron;  conversely,  water  vapour  is  formed  from  iron 
oxide  and  hydrogen  with  absorption  of  heat.  Consequently,  with  a. 
rise  of  temperature,  the  ratio  of  water  vapour  to  hydrogen  must 
increase,  or,  as  the  temperature  rises,  the  decomposing  action  of  the 
iron  on  water  vapour  becomes  less  and  less.  This  result,  also,  was 
given  by  experiment  before  the  theory  was  known.  _ 

This  qualitative  principle  has  also  been  brought  into  a form  suitable 
for  calculation.  We  shall,  however,  refrain  from  the  deduction  of  this, 
as  the  qualitative  form  is  sufficient  for  the  applications  which  will  he 

made  of  the  principle.  . , . , _ 

The  preparation  of  nitrogen  peroxide  can  be  carried  out  by  means  o 
the  method  already  mentioned  (p.  324),  by  converting  nitric  oxide  into 
peroxide  by  means  of  free  oxygen.  The  brown  vapours  obtained  by 
the  action  of  nitric  acid  on  metals,  after  having  been  dried,  are  passed 
along  with  oxygen  through  a freezing  mixture,  the  current  of 
being  so  regulated  that  it  is  present  in  excess.  The  substance  obtained 

can  be  easily  purified  by  re-distillation.  . , • , 

• For  the  preparation,  also,  use  is  made  of  the  decomposition  which 
some  metallic  nitrates  undergo  when  heated.  Lead  nitrate,  foi  exam]  , 
gives  nitrogen  peroxide,  according  to  the  following  equation 


2Pb(N03)2  = 4N02  + 0,  + 2PbO. 
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As  has  been  already  mentioned,  the  peroxide  dissolves  in  water. 
In  this  process,  however,  it  does  not  remain  undecomposed,  but  reacts 
with  the  elements  of  water  to  form  nitric  and  nitrous  acids — 

2N02  + H20  = HN02  + HNOs. 

Nitrous  Acid. — When  nitrates,  e.g.  potassium  nitrate,  are  treated 
with  reducing  substances,  they  lose  oxygen  and  pass  into  the  salts  of 
another  acid,  known  as  nitrous  acid.  The  new  salts  are  called  nitrites. 

As  reducing  agent,  metallic  lead  is  chiefly  used.  This  acts  accord- 
ing to  the  equation 

KNOg  + Pb  = KN02  + PbO. 

By  extracting  with  water,  the  readily  soluble  potassium  nitrite  can 
be  separated  from  the  difficultly  soluble  lead  oxide.  Small  quantities 
of  lead  which  pass  into  solution  by  reason  of  a side-reaction,  are  pre- 
cipitated by  passing  in  carbon  dioxide. 

On  attempting  to  liberate  the  acid  HN02  from  the  salt,  it  is  found 
not  to  be  stable  in  the  free  state.  On  pouring  sulphuric  acid  over 
potassium  nitrite,  brown  vapours  are  formed  which,  indeed,  have  the 
composition  of  an  anhydride  of  nitrous  acid,  N203,  but  which  prove  to 
t ■ be  a mixture  of  nitric  oxide  and  nitrogen  peroxide.  If  these  vapours 
he  passed  into  water,  a feebly  blue  coloured  solution  is  obtained,  which 
probably  contains  some  nitrous  acid,  but  which  constantly  evolves 
, nitric  oxide  and  passes  finally  into  nitric  acid  in  accordance  with  the 
equation  3HNO,=  2NO  + HNOg  + H20. 

The  same  vapours  are  also  obtained  when  nitric  acid  is  decomposed 
with  reducing  agents  under  certain  conditions  On  heating  nitric  acid 
i of  density  1 *30  — 1 '35  with  arsenic  trioxide  (p.  49),  the  latter  takes 
up  one  combining  weight  of  oxygen  from  the  nitric  acid,  and  the 
j;  nitrous  acid  formed  breaks  up  into  water  and  the  brown  vapours 
mentioned,  bince  the  latter  are  used  in  many  important  chemical 
reactions,  especially  in  organic  chemistry,  this  method  of  preparation 
• is  often  used. 

If  these  vapours  are  cooled  in  a freezing  mixture,  a liquid  of  a blue 
to  gieen  colour  is  obtained,  and  from  this  there  can  be  separated  by 
[ lactional  distillation  a portion  of  a dark  blue  colour,  boiling  at  3 '5°, 
nv  ich,  especially  at  low  temperatures,  appears  pure  blue.  This  has 
[,  e coraP°sition  of  nitrogen  trioxide  or  nitrous  acid  anhydride,  and  can 
be  regarded  as  the  compound  N,Or 

Foi  the  detection  of  the  ion  NO./  the  general  reaction  for  oxygen 
■'compounds  of  nitrogen  by  means  of  ferrous  sulphate  (p.  324),  is,  n the 
St  place,  employed.  It  is  distinguished  from  the  ion  N03'  of  nitric 
iff1  y the  fact  that  even  on  acidifying  the  salts  of  nitrous  acid,  or 
L 6,  m^ntes,  with  any  other  stronger  acids,  the  brown  vapours  are 
° 'et  t ie  nature  °f  which  has  just  been  given.  By  means  of  strong 
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oxidising  agents,  NO./  can  be  converted  into  NO/.  A volumetric 
method  depending  on”  this  will  be  given  later  on  under  potassium 
permanganate. 

Further,  the  ion  NO./  unites  with  cobalt  (p.  54)  to  form  “ com-  f 
pi  ex  ” salts,  some  of  which  are  readily  recognised.  This  reaction,  .} 
however,  is  much  more  used  for  the  detection  of  cobalt  than  of 
nitrous  acid,  and  will  therefore.be  described  under  that  metal. 

The  heat  of  formation  of  nitrous  acid  in  dilute  aqueous  solution 
from  its  elements  is  - 28  kj,  in  accordance  with  the  equation  Il2  + N,  + 
20.,  + aq.  = 2HN02  aq.  - 2 x 28  kj.  ; 

'Hyponitrous  Acid. — By  suitably  regulating  the  reduction  of  the  • 
nitrates,  a further  amount  of  oxygen  can  be  removed  from' them,  and 
the  hyponitrites,  or  the  salts  of  hyponitrous  acid,  are  obtained.  Of  the 
different  methods  of  their  preparation,  the  most*  easily  understood, u 
theoretically,  is  that  by  means  of  sodium.  This  metal  is  dissolved  m 
mercury,  and  a solution  of  sodium  nitrate  or  nitrite  is  treated  with  the* 
“ sodium  amalgam  ” so  obtained.  Sodium  amalgam  acts  much  more 
moderately  on  other  substances  than  pure  sodium  does,  and  is,  there- j 
fore,  better  adapted  than  the  latter  for  many  preparations.  The  ■ 
reaction  can  be  formulated  as  follows  : — 

2NaN03  + 8Na  + 4H20  = Na2N,0,  + 8NaOH, 

when  sodium  nitrate  is  used,  and 

2NaNO„  + 4Na  + 2H20  = Na.2N202  + 4NaOH, 


when  sodium  nitrite  is  employed.  , 

From  the  sodium  salt,  the  difficultly  soluble  silver  salt  is  prepared 
and  purified  by  washing.  On  decomposing  this  salt  with  hydrogen- 
chloride  with  exclusion  of  water,  by  using  ether  (an  organic  corn-i 
pound)  as  solvent,  hyponitrous  acid,  H,N202,  is  obtained  in  the  form 
of  white  crystalline  laminae,  which  are  very  unstable  and  exploder 
readily  Tlie  substance  dissolves  in  water  and  yields  a solution  w hie 
keeps  rather  longer  but  which  has  also  only  a passing  existence  it 
soon  evolves  a gas  having  the  composition  N20,  which  is  the  anhydride, 

°f  hThensameS  substance,  N,0,  which  bears  the  name  nitrous  oxide,  M 
produced  in  many  cases  in  which  hyponitrous  acid  ought  real!}  to 
formed  It  is  very  much  more  stable  than  the  latter,  and  it  ■ > 
yet  been  found  possible  to  convert  it  back  into  hyponitrous  acid  oi 

0116  Nitrous^oxide  is  usually  prepared  by  heating  ammoni™”^ 
With  regard  to  this  reaction,  the  reader  is  ref ei  red  ties 

section  on  the  ammonia  compounds  ; we  shall  hei  e gn  t it  p H 

of  the  substance.  _ . . . •(r'U4.~  nitro 

Nitrous  oxide  is  a gas  consisting  of  two  combining  » 
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i o0u  to  one  of  oxygen,  to  which,  in  accordance  with  the  density  44, 
the  formula  N.,0  has  to  be  ascribed.  It  is  colourless,  has  a faint, 
L sweetish  odour,  and  dissolves  in  water  to  a fairly  large  extent.  At 
room  temperature  water  absorbs  about  an  equal  volume  of  the  gas. 
>|  Likewise,  the  gas  is  comparatively  easily  liquefied,  since  its  critical 
^ temperature  lies  at + 39°;  the  critical  pressure  amounts  to  78  atm. 
At  0°  the  vapour  pressure  amounts  to  36  atm.,  and  the  vapour  pressure 
of  one  atmosphere  is  found  at  - 90°,  which  is,  therefore,  the  ordinary 
boiling  point. 

Nitrous  oxide  parts  with  its  oxygen  still  more  readily  than  nitric 
oxide,  so  that  not  only  phosphorus  and  brightly  burning  wood  con- 
tinue to  burn  in  it,  but  also  charcoal  and  sulphur,  if  previously 
sufficiently  heated.  Sulphur  burning  with  a small  flame,  however,  is 
extinguished  when  introduced  into  the  gas. 

Nitrous  oxide  is  taken  up  by  the  blood  and  causes  unconscious- 
ness ; it  is  therefore  employed  for  obtaining  transient  narcosis.  ‘ The 
: gas  cannot  be  decomposed  by  the  organism  in  such  a way  that  its 
oxygen  becomes  available;  if,  therefore,  nitrous  oxide  has  to  be  inhaled 
for  a lengthened  period,  it  must  be  mixed  with  oxygen  in  the  same 
proportions  as  the  latter  is  present  in  the  air. 

In  order  to  be  formed  from  its  elements,  nitrous  oxide  would 
require  to  take  up  a large  amount  of  energy,  viz.  7 5 kj  : 2N,  + 0,  = 

■-  2N20  - 2 x 75  kj.  In  its  decomposition,  the  same  amount  of  energy 
is  given  out  in  the  form  of  heat. 

Nitro-compounds. — The  acid  actions  of  nitric  acid  depend  on 
the  fact  that  hydrion  very  readily  splits  off  from  the  compound  HNOr 
In  view  of  the  fact  that  other  oxyacids,  e.g.  sulphuric  acid,  also  give 
i<  reactions  in  which  hydroxyl  acts  in  the  place  of  hydrogen,  the  question 
must  be  asked  whether,  in  the  case  of  nitric  acid,  oxygen  and  hydrogen 
■ also  act  in  common  as  hydroxyl. 

From  the  fact  of  the  strong  electrolytic  dissociation  of  nitric  acid, 
it.  can,  in  the  first  place,  be  concluded  that  if  such  reactions  are  to 
occur,  one  will  expect  them  to  do  so  in  the  absence  of  water  (which,  of 
! course,  causes  the  formation  of  hydrion).  This  is,  in  fact,  found  to  be 
the  case. 

In  organic  chemistry,  a large  number  of  compounds  are  known 
| . ich  are  formed  by  the  action  of  nitric  acid  on  compounds  contain- 
nng  hydrogen;  the  hydrogen  from  these,  along  with  the  hydroxyl  from 
nitric  acid,  is  eliminated  as  water,  and  the  residual  group  NO.,  of  the 
nitric  acid  unites  with  the  residue  of  the  organic  substance,  containing 
one  combining  weight  less  of  hydrogen.  The  group  N02  is  called  the 
I n o-group,  and  the  compound  RN 0.,  formed  in  accordance  with  the 
1 general  reaction  equation  RH  + HN0>,  = RNO„  + H.,0,  is  called  a nitro- 
I ■compound.  2 

f L . external  appearance  this  process  looks  exactly  like  that  of 
I • e formation  of  a salt,  especially  if  the  hydroxyl  is  assumed  to  be 
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present  as  such  in  the  nitric  acid,  and  the  equation,  therefore,  be  ; 
written  in  the  form  N020H  + HR  = R . N02  + H20.  It  would, 
however,  lead  to  mistakes  if  one  were  to  estimate  the  significance  of  i 
this  apparent  agreement  so  highly  as  to  regard  both  reactions  as  j 
essentially  the  same.  For,  the  nitric  acid  would 'then  have  to  be' 
regarded  as  the  base,  and  the  hydrogen  compound  RH  as  the  acid,  in 
this  reaction. 

The  essential  difference  as  compared  with  an  ordinary  salt  forma- 
tion consists  just  in  the  fact  that  we  are  in  this  case  not  dealing  with  ■ 
an  ion  reaction  as  in  the  formation  of  a salt,  for,  neither  is  the  com- 
pound RH  an  acid,  nor  the  nitric  acid  a base,  nor,  finally,  the  nitro- 
compound formed  a salt.  According  to  what  was  said  above,  also,  , 
the  difference  becomes  especially  evident  from  the  fact  that  the  forma-  u 
tion  of  nitro-compounds  takes  place  all  the  more  readily  the  more  < 
completely  water  is  excluded,  both  the  water  originally  present  and’; 
that  produced  by  the  reaction  itself.  The  latter  can  be  rendered^ 
harmless  by  adding  desiccating  agents ; and,  as  such,  concentiated  J 
sulphuric  acid  is  ordinarily  employed.  Nitration,  or  the  preparation  -t 
of  a nitro-compound,  is,  therefore,  usually  carried  out  in  the  presence  . 
of  larger  or  smaller  amounts  of  concentrated  sulphuric  acid. 

Nitro-compounds  can  be  formed  not  only  from  nitric  acid,  vithl 
elimination  of  hydroxyl,  but  also  from  nitrous  acid,  with  elimination  of* 
hydrogen.  In  order  that  such  an  elimination  may  take  place,  tkeiev 
must  be  present  in  the  substance  which  is  to  pass  into  the  nitro-com- 
pound, a part  which  will  form  a stable  compound  with  the  hycbogen.i 
In  most  cases,  this  will  be  hydroxyl,  which  will  give  water  with  the 
hydrogen.  We  have  then  the  equation. 

R . OH  + HN02  = R . N02  + H,0. 


* This  equation  has  also  only  an  apparent  and  no  real  resemblance 
to  a salt  formation.  This  is  most  clearly  seen  from  the  opposite  role 

played  by  the  groups  N02  and  R.  , 

Lastly,  nitro-compounds  can  be  formed  by  the  action  of  m 1 ogei 
peroxide  on  such  substances  as  can  directly  form  compouiu  > y 
addition.  The  reaction  corresponds  to  the  formation  of  chlorides  >v 
the  action  of  chlorine  on  substances  of  this  class,  e.g.  meta  s. 

Whereas,  in  organic  chemistry,  numerous  nitro-compounds  ar  i - 
known,  the  number  of  inorganic  nitro-compounds  is  comparatively 
small.  Nevertheless,  some  of  them  are  of  sufficient  importance  $ 

d’SCNitrosulphonic  Acid.-Thc  most  important  inorganic  nitros»mJ 
pound  is  nitrosulphonic  or  nitrosyUulphuric  acid,  th.  composition  and  I 

reactions  of  which  are  expressed  by  the  formula  SO^q^. 

In  order  to  obtain  such  a compound,  one  must  act  on  the  hydiogeni 
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E compound  of  the  radical  S02(0H)  with  nitric  acid,  or  on  the  hydroxyl 

• compound  of  the  same  radical  with  nitrous  acid.  Both  methods  give 
I the  desired  result. 

The  hydrogen  compound  of  SO., (OH)  is  no  other  than  sulphurous 
j acid  (p.  279);  nitrosulphonic  acid  would,  therefore,  be  formed  from 
j sulphurous  acid  and  nitric  acid. 

As  a matter  of  fact,  this  compound  is  obtained  when,  in  place  of 
j sulphurous  acid,  its  anhydride,  sulphur  dioxide,  SO.,,  is  passed  into 
| concentrated  nitric  acid.  This  method  has  the  especial  advantage 
j that  no  water  is  formed  in  the  reaction,  and  the  disturbances  due  to 
$ it  are,  therefore,  not  to  be  feared.  The  reaction  takes  place  simply 

OH 

r according  to  the  equation  HN03  + SO.,  = S02-j^q  . 

The  object  is  also  attained  by  the  other  method.  If  nitrous  acid 
(or  its  vapours,  which  have  the  same  composition  as  it;  p.  329)  is 
It  introduced  into  the  hydroxyl  compound  of  the  radical  SO.,(OH),  i.e. 

i into  concentrated  sulphuric  acid,  nitrosulphonic  acid  is  formed  along 
! with  water  ; the  latter  is  taken  up  by  the  excess  of  sulphuric  acid. 

OH 

jf;  The  equation  of  this  reaction  is  S02(0H)„  + HNO,  = SO.,^(  ) + H.,0. 

Besides  these  two  typical  methods,  there  are  a number  of  others 
If  which  can  in  principle  be  traced  back  to  them.  Some  of  these  methods 
I will  be  mentioned  later. 

Nitrosulphonic  acid  is  a white,  solid,  crystalline  substance,  which 
melts,  with  decomposition,  at  73°.  It  is  very  sensitive  to  water,  and  is 
j transformed  by  it  into  sulphuric  acid  and  nitrous  acid  (which,  in  turn, 
Impartially  undergoes  further  decomposition;  p.  329) — SO.,(OH)NO„ +’ 
H?0  = H2S04  + HNO.,.  It  dissolves,  however,  in  concentrated  sulphuric 
acid,  and  forms  a very  stable  solution,  which  stands  being  diluted  to 
some  extent  with  water,  corresponding  equilibria  being  thereby  estab- 
B dished. 

The  compound  also  bears  the  name  leaden-cliamber  crystals,  for  it  is 

ii  readily  formed  under  the  conditions  prevailing  in  the  lead  chambers 
I in  the  preparation  of  sulphuric  acid,  when  too  little  water  is  present. 

■j  By  the  addition  of  more  steam,  the  leaden-chamber  crystals,  which  are 

not  formed  in  the  well-regulated  process,  can  easily  be  made  to  dis- 
5 appear. 

Further,  the  retention  of  the  valuable  oxides  of  nitrogen  in  the 
Iqvaste  gases  from  the  sulphuric  acid  manufacture,  which  is  effected  by 

* treating  them  with  concentrated  sulphuric  acid  in  the  “ Gay-Lussac 
■tower  (p.  286),  depends  on  the  formation  of  nitrosulphonic  acid  under 
\"J  ese  conditions.  By  mixing  the  solution  of  nitrosulphonic  acid  in 
frixcess  of  sulphuric  acid  with  water,  or  dilute  “chamber  acid,”  the 

ecomposition  given  above  takes  place,  and  nitrous  acid  is  again 
-•  ivplved.  This  process  takes  place  in  the  “ Glover  tower  ” before  the 
' intrance  of  the  gases  into  the  lead  chambers  (p.  285). 
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* it  was  also  thought  that  a special  role  in  the  formation  of  sul- 
phuric acid  in  the  lead  chamber  had  to  be  ascribed  to  the  nitrosulphonic  • ij 
acid.  For  the  present,  however,  this  role  is  still  so  hypothetical,  thatijjj 

no  detailed  description  of  it  is  required  here. 

Since  one  of  the  two  combining  weights  of  the  hydrogen  of  I 
sulphuric  acid  is  still  present  unchanged  in  nitrosulphonic  acid,  it;  I 
may  be  assumed  that  this  will  also  have  acid  properties.  Salts  of  i | 
this  acid,  however,  are  not  known,  and  even  in  aqueous  solution  the  i 
acid  cannot  exist  on  account  of  the  fact  that  it  is  decomposed  by. 

water.  . , , , , : ,1 


» phis  decomposition  can  be  looked  upon  as  taking  place  in  such 
way  that  the  acid  HS03N02  first  dissociates  electrolytically,  with  for- 
mation of  the  anion  S08N0,'.  This  ion  is  not  stable,  but  undergoes 
further  decomposition  with  water,  in  accordance  with  the  equation  j 
SO  NO  7 + H,0  = HSO;  + HN02.  The  two  products  of  decompositior i 
suffer  in  turn,  further  transformations ; the  primary  ion  of  sulphuric 
acid  partially  undergoes  further  decomposition  into  the  secondary  iom 
and  hydrion,  and  the  nitrous  acid  undergoes  decomposition  into  nitric 

oxide  and  nitric  acid,  as  described  on  p.  329. 

* That  nitrosulphonic  acid  is  so  sensitive  to  water,  is  due  in  thin 
case,  as  in  many  others,  to  the  fact  that  by  the  action  of  water  very 

stable  ions  can  be  formed.  . T j 

Other  Nitro- compounds  of  Sulphuric  Acid.— Just  as  om 
hydroxyl  of  sulphuric  acid  can  be  replaced  by  the  intro-group,  th-i, 
same  omdit  also  to  be  possible  with  the  second,  and  the  existence  of  . 
compound,  dinitrosulphuryl,  S02(N0,)2,  might  be  expected.  SuchJ 
compound  would  be  formed,  according  to  the  general  scheme  fror 
snlnhur  dioxide  and  nitrogen  peroxide,  and  could  be  regarded  a 
similar  to  sulphuryl  chloride,  SOsC%  (p.  303).  No  such  substance 

liowet  0j  pyrosulphuric  acid,  corresponding  to  pyro- 

sulpwfcS  is,  however,  obtained  by  heating  nitrosulphom 
acid.  This  loses  water  and  yields  the  former  compound  m 

ance  with  the  equation  2SO.,(OH)  (N02)  H,0  >~2  ft(  2)2 

The  same  substance  is  obtained  by  the  action  of  nitric  oxide 

snlnhur  trioxide,  whereby  sulphur  dioxide  escapes. 

SU  Dhiitropyrosulphuryl  is  a white,  crystalline  mass  which  looks  hh 

the  leaden-chamber  crystals,  melts  at  -1 7 .’  ,anl*  1°)  , u 'ic  ,,cjd 

Anna  Reffia  — By  mixing  nitric  acid  and  hydioclilonc  auu 
Aqua  & . • j'  . , • I for  dissolving  certain  metals,  sue 

“i'tr  7^y:"tin  the  first 

re6  ‘converts  the. 
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into  chlorides.  Chlorine  derivatives  of  the  oxides  of  nitrogen,  which 
will  be  presently  mentioned,  are  also  formed. 

* An  explanation  is  required  why  it  is  that  aqua  regia  is  a 
stronger  oxidising  agent  than  its  components,  especially  nitric  acid. 
From  the  fact  that  the  latter  has  an  oxidising  action  on  hydrochloric 
acid  and  liberates  chlorine,  its  free  chemical  energy  cannot  increase 
but  only  diminish. 

The  explanation  is  found  in  the  consideration  that  the  chlorine 
compounds  which  are  formed  of  the  metals  above-named  have  a much 
more  stable  character  than  the  nitrates  which  would  be  formed  by  the 
action  of  nitiic  acid.  The  fall  from  the  initial  substance  to  the 
end-product  is  therefore  greater  in  the  case  of  aqua  regia  than  in  the 
case  of  nitric  acid,  not  because  aqua  regia  stands  higher,  but  because 
the  products  of  its  action  stand  much  lower. 

On  heating  aqua  regia  alone,  readily  volatile  substances,  consisting 
of  nitiogen,  chlorine,  and  oxygen,  and  which  are  mixtures  of  different 
compounds,  are  evolved.  Of  these,  the  compounds  nitryl  chloride 
X02C1,  and  mtrosyl  chloride,  NOC1,  are  of  interest.  The  properties 
of  these  are  still  somewhat  doubtful,  and  will,  therefore,  not  be  <ffven 
here.  It  should,  however,  be  specially  mentioned  that  they  can  be 
regarded  as  the  chlorides  of  nitric  and  of  nitrous  acid,  in  which 
hydroxyl  is  replaced  by  chlorine.  They  are  comparable,  therefore 
with  the  chlorides  of  sulphuric  acid  (p.  302). 

Catalytic  Actions  of  the  Oxides  of  Nitrogen.— When  nitric 
icid  is  employed  for  oxidation  purposes,  it  is  observed  that,  in  general 
he  action  is  at  first  very  feeble ; it  then  increases,  reaches  a maximum’ 
md  again  diminishes  till  it  becomes  inappreciable. 

The  last  part  of  this  process  is  readily  intelligible.  If  one  reflect 
hat  in  the  oxidation  process,  both  the  concentration  of  the  nitric 
,Cld  and  generally  also  of  the  substance  to  be  oxidised,  constantly 
iimimshes,  it  must  be  concluded  that  the  velocity  of  the  proces^ 

Jr  nses  and  falls  Wlth  the  concentration  of  the  reacting  substances) 

| nusk  become  smaller  and  smaller.  ° ' 

To  what,  then,  is  the  initial  acceleration  due  ? One  reason  for  it 
’ f°Und  r the  fact  that  the  reaction  takes  place  with  strong  develop- 
rl,°ffpheafc)  the  temperature,  therefore,  rises,  and  since  by  reason 

uit-P  •MVef<nCltyi°f  -the  reacfcion  necessarily  increases  (p.  65)  it  is 
I mte  possible  that  the  increase  due  to  rise  of  temperature  exceeds  the 
immubon  due  to  the  consumption  of  the  reacting  substles.  * 

if,  however,  the  influence  of  the  rise  of  temperature  is  excluded 

IcZ Z 7 C°nduct,n8  awa7  the  heat  which  is  generated  (e!q  by 
Ucmg  the  vessel  in  water  at  constant  temperature),  a very  considei 

ie  fart  tl  acc®Iera<;10n  13  nevertheless  still  observed.  This  is  due  to 

! .0  s O t 1 efVeuClty  Wi,th  "",ich  nitric  «*  exercises  its  oxidisi,  ° 

1C  presence^HtT  nro  f cc®  er^teh t0  .»  very  considerable  extent  by 
pioducts  of  reduction,  more  especially  of  nitrogen 
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peroxide.  The  latter  substance  has  already  shown  itself  a very  j 
effective  and  important  accelerator  in  the  manufacture  of  sulphuric  j! 
acid,  i.e.  in  the  oxidation  of  sulphurous  acid  by  free  oxygen  (p.  286),  | 
and  a number  of  other  cases  are  also  known  in  which  it  acts  as  jan/| 

accelerator  of  oxidation.  _ ... 

In  those  cases,  therefore,  where  it  is  desired  to  increase  the  oxidising  J 
action  as  much  as  possible,  red,  fuming  nitric  acid,  i.e.  an  acid  which*] 
contains  lower  oxides,  especially  nitrogen  peroxide,  in  solution,  is  used.ll 
This  acid  is  obtained  by  distilling  nitric  acid  at  a high  temperature- 
(p.  318),  or,  also,  by  adding  a small  quantity  of  a reducing  substance-: 
(organic  substance)  during  the  distillation. 

Conversely,  in  those  cases  where  we  are  dealing  with  other  actions  • 
of  nitric  acid  in  which  oxidation  has  to  be  avoided,  acid  as  free  as.- 
possible  from  lower  oxides  must  be  used.  This  is  recognised  by  itaj 
being  colourless,  and  the  lower  oxides,  which  are  more  volatile  than 
the  nitric  acid,  can  be  removed  from  the  yellow  acid  by  passing  a 
stream  of  dry  air  through  it.  This  is  of  importance,  for  example,- 
in  the  preparation  of  nitro-compounds  from  organic  substances  (p.  331). 

Comparison  of  the  Oxygen  Compounds  of  Nitrogen  with 
those  of  the  Halogens. — Between  the  acids  which  are  derived  front  \ 
nitrogen  by  addition  of  oxygen  and  the  corresponding  compounds,  of  - 
the  halogens,  there  exists  a striking  similarity,  which,  finds  expression 
not  only  in  the  similarity  of  their  formulae,  but  also  in  the  solubility 
and  stability  relations,  and  in  the  isomorphism  of  the  corresponding, 
salts.  These  similarities  appear  from  the  following  summary 


Nitric  acid,  HNOa 
Nitrous  acid,  HNO., 
Hyponitrous  acid,  HNO 
Nitrogen  peroxide,  N0.2 
Nitric  oxide,  NO 
Nitrous  oxide,  N.20 


Perchloric  acid,-HC104 
Chloric  acid,  HC10;1 
Chlorous  acid,  HCIO., 
Hypoclilorous  acid,  HCIO 
Chlorine  peroxide,  CIO., 


Chlorine  monoxide,  C120 
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i spark  is  passed  through  it.  In  both  cases,  however,  changes  do  take 
place ; in  the  former,  some  ammonia  is  formed,  in  the  latter,  some  is 
decomposed.  If  the  action  is  continued  for  a fairly  long  time,  the 
. same  condition  is  finally  established  in  both  cases,  there  being  about 
; 0-02  of  the  total  amount  present  as  ammonia,  and  the  rest,  0-98, 
in  the  form  of  uncombined  elements.  This  is,  therefore,  the  chemical 
equilibrium  which  is  established  between  the  two  substances  under  the 
above  conditions,  and  which  is  produced  by  means  of  a reaction 
which  proceeds  with  exceeding  slowness. 

If  the  ammonia  is  removed  from  the  mixture  in  proportion  as  it  is 
• formed,  the  whole  amount  of  gas  can  ultimately  be  made  to  combine. 
This  occurs,  for  example,  when  the  gases  are  kept  in  contact  with  an 
acid.  Ammonia  is  taken  up  by  acids,  and  if  sparks  are  continued  to 
be  passed  through  the  gas  mixture  while  standing  over  an  acid,  all  the 
; . gas  will  ultimately  disappear. 

As  is  apparent  from  the  equation 

N2  + 3H2  = 2NH8, 

the  volume  diminishes  from  4 to  2,  or  to  a half,  when  the  elements 
pass  into  combination.  The  reverse  change  takes  place  when  the 
.gas  is  decomposed. 

The  change  of  energy  occurring  in  the  process  is  represented  by 
the  equation  N2  + 3H2  = 2NH3  + 2x50  Jcj. 

Ammonia  is  absorbed  in  large  amount  by  water,  viz.,  about  800 
I volumes,  or  0'6  part  by  weight,  at  room  temperature.  It,  however, 
•still  follows  Henry’s  law  to  some  extent,  especially  at  higher  tempera- 
tures. It  can  be  completely  removed  from  the  solution  by  boiling. 
From  this  it  is  apparent  that  all  solutions  of  ammonia  must  necessarily 
have  a lower  boiling  point  than  pure  water.  For  if  there  were  a 
solution  with  higher  boiling  point,  this  would  remain  behind  during 
the  distillation,  and  finally  pass  over  unchanged  in  composition. 

The  aqueous  solution  of  ammonia  colours  red  litmus  paper  blue, 
and  therefore  contains  a basic  substance.  Since  in  such  substances 
hydroxidion,  OH',  must  be  present,  it  must  be  assumed  that  in  water 
ammonia  has  passed,  at  least  partially,  into  a compound  containing 
hydroxyl.  This  can  occur  only  by  it  talcing  up  the  elements  of  water, 
and,  therefore,  a compound  of  the  general  formula  NH3  + «H.,0  is 
oresent.  All  known  facts  favour  the  view  that  n=  1,  and  that  the 
•ompound  must,  therefore,  be  written  NH  + H.,0,  or,  giving  promi- 
nence to  hydroxyl,  NH..OH.  “ . 

Just  as  we  recognised  the  compound  ion  of  nitric  acid,  NO. ',  to  be 
similar  to  the  simple  ion  Cl'  of  hydrochloric  acid,  we  also  conclude 
i'bat  m the  solution  of  ammonia  there  is  present  along  with  hvdroxyl 
he  compound  cation  NH4',  which  corresponds  to  sodion,  Nat  Since 
is  combined  with  only  .one  hydroxyl,  it  is  monovalent,  like 
I')  ssion  or  sodion.  In  other  respects,  also,  e.g.  in  the  crystalline 
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form  of  corresponding  saline  compounds,  the  ion  NH4 , or  amrnonion,  is 
very  similar  to  potassion. 

Ammonia  must,  therefore,  be  regarded  as  the  anhydride  of 
ammonium  hydroxide,  NII4OH.  It  has  not  as  yet  been  possible  to 
prepare  ammonium  hydroxide  in  the  pure  state,  just  as  only  the  1 
anhydride  of  sulphurous  acid,  S02,  and  not  sulphurous  acid  itself, 
H.,SO.,,  is  known.  As  to  its  existence,  however,  or  rather  as  to  the 
existence  of  the  ion  NH4  or  amrnonion,  no  more  doubt  exists  than 
as  to  the  existence  of  the  ion  of  sulphurous  acid,  SO.". 

This  assurance  is  based  chiefly  on  the  fact  that  there  are  a large 
number  of  salts  which  can  be  prepared  from  ammonia  and  acids,  and 
which  all  contain  the  ion  NH4‘.  To  this  there  belongs  a series  of : 
definite  properties,  just  as  to  any  other  simple  or  compound  ion. 

For  example,  if  an  aqueous  solution  of  ammonia  acts  on  a solution 
of  hydrochloric  acid,  the  ordinary  formation  of  a salt  from  acid  and 
base  takes  place  (p.  199),  according  to  the  equation 


NH4OH  + HC1  = NH4C1  + H20. 

Since  in  the  reaction  of  acids  on  ammonium  hydroxide  exactly 
the  same  amount  of  water  is  formed  as  was  used  up  in  the  formation 
of  ammonium  hydroxide  from  ammonia  and  water,  it  follows  that  this  • 
water  is  quite  unnecessary  for  the  salt  formation,  and  that  the  same 
salt  will  be  obtained  by  simply  bringing  ammonia  and  the  acid 
Thus, 


together. 


NH3  + HC1  = NH4C1. 


As  a matter  of  fact,  this  reaction  takes  place,  and  it  can  be  shown 
very  clearly  by  placing  a dish  with  concentrated  hydrochloric  acid 
and  one  with  ammonia  side  by  side  in  a wide  glass  cylinder.  The 
two  substances  come  together  in  the  gaseous  state,  and  since  the  a 
resulting  compound,  ammonium  chloride,  NH4C1,  is  not  volatile  at  : 
room  temperature,  it  separates  out  in  the  form  of  dense,  white  fumes, 

which  form  a cloud  over  the  two  dishes. 

* The  formation  of  fumes  occurs  in  a visible  manner  with  such 
small  quantities  of  ammonia  that  it  is  employed  for  the  detection  of 
that  gas.  If  a glass  rod,  moistened  with  hydrochloric  acid,  is  brought 
to  the  mouth  of  a vessel  in  which  ammonia  is  being  developed,  the 
latter  is  at  once  detected  by  Means  of  the  formation  of  fumes. 

In  the  aqueous  solution  of  ammonia,  only  a small  portion  oi  this  ■ 
substance  is  present  as  dissociated  hydroxide.  This  is  apparent  from  : 
the  fact  that  the  basic  properties  are  not  nearly  so  strongly  developed 
in  such  a solution  as,  for  example,  in  a corresponding  solution  of  sodium 
hydroxide  The  electrical  conductivity,  which  is  the  most  comemen 
measure  of  the  ions  present,  shows  that  in  a 1 per  cent  solution ot 
ammonia  only  about  0 005  of  the  ammonium  hydroxide  which  coul 
be  formed  therefrom  is  dissociated  into  amrnonion  and  hydroxiriion. 
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It  follows,  also,  from  the  approximate  validity  of  Henry’s  absorption 
law,  that  the  dissolved  ammonia  is  present  for  the  greater  part  as  such 
(or  as  a simple  hydrate)  in  solution,  and  that  no  great  portion  is 
dissociated  into  ions.  In  the  case  of  hydrochloric  acid,  where  the 
opposite  is  the  case,  the  deviations  from  the  law  of  Henry  are  also 
very  great  (p.  181).  It  is  apparent,  also,  from  many  other  phenomena 
which  will  be  discussed  later,  that  ammonia  is  a rather  feeble  base,  i.e. 
does  not  form  much  hydroxidion. 

Ammonia  is  prepared  from  the  ammonium  salts,  which  are  obtained 
in  large  quantities  as  by-products  in  the  manufacture  of  coal-gas,  by 
warming  them  with  another  base.  Ammonium  hydroxide  is  first 
formed;  since  this,  however,  is  not  stable,  it  decomposes  immediately 
into  ammonia  and  water,  the  former  of  which  escapes  as  a gas  Thus 

ammomum  chloride  and  caustic  soda  yield  ammonia  in  accordance 
with  the  following  equation  : — 


NH4C1  + NaOH  = NaCl  + NH3  + H.,0. 

For  manufacturing  purposes,  the  cheaper  calcium  hydroxide  is 
cmp  oyed  instead  of  caustic  soda.  Since  calcium  is  divalent  the 
i reaction  takes  place  according  to  the  scheme 


2NH4C1  + Ca(OH)2  = CaCl2  + 2NH3  + 2H.,0. 


The  ammonia  gas  is  passed  into  water,  and  is  stored  or  trans- 

1 P,0rt'd  ln  form  of  an  aqueous  solution.  This  solution  is  usually 
i shortly  called  ammonia,  or,  also,  spirit  of  hartshorn,  a name  due  to 

I Itnf' hoofs' ‘ etTTlT  IT  pr<!pared  bj  the  distilIati»"  of 

I ttT  7'  ^ 7'  ^1“ 

\ -‘7  vapour  which  if  c^d^tt^f^  em3  by 

Bypassing  the  lattes  over  solid  sodium  hydroxide.  d by 

t critical  teniperature  of  ammonia  fns  i^  1 ^0°  if  1 

i liquefied  by  pressure  at  the  ordinary  tempe™”"  8 At  0"  ti,  Z 
■ accomplished  by  a pressure  of  to  7 J ...  10  fchls  can  be 

> pheric  pressure  is  - 33  5°  1 J f m"  16  b°lllng  P01nt  at  at™os- 
: P1- ,-r.  : . a fairly  low  temperature  the  colourless 

, liquid  solidifies  to  a white  mass,  which  melts  at  - 74°.  C010urIess 

in  fi1  1accounfc  of  the  favourable  conditions  under  which  it  cm  ha 
; ,ucficd  ammonm  is  uscd  0„  the  , ^ ™ b 

°r  Producmg  low  temperatures.  The  principle  of  i ! 

: :r;zi8a'iqufed  * bJSA  ^^77 

iViouid  nT  C means  °f  water  at  the  ordinary  temperature  The 

E ht~  7 maTt  ft,  TPOrat6’  "'he,t  kit  is  absorbed  ^ 
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the  place  where  the  cold  is  to  be  applied.  The  ammonia  which  has 
evaporated  again  returns  to  the  pump ; the  salt  solution,  likewise,  is 

returned  to  the  machine  after 


it  has  been  used  for  cooling  , 
purposes,  and  its  temperature 
lias  thereby  again  risen. 

A diagrammatic  repre- 
sentation of  an  ammonia 
refrigerator,  such  as  is  almost 
exclusively  used  at  present, 
is  given  in  Fig.  93.  P is 
the  pump,  which  is  fitted 
with  the  pressure  valves  D 
and  the  exhaust  valves  S. 
This  forces  the  ammonia  to 
the  condenser  K,  where  it  is 
liquefied  and  reduced  to  the 
temperature  of  the  condenser 
water.  The  liquid  ammonia 
passes  through  the  regulat- 
ing valve  Pi  into  the  evaporat- 


ing vessel  V,  where  it  is  gasified  by  means  of  the  pump ; the  salt 
solution  circulates  through  the  evaporating  vessel  passing  out  at  t, 
and  entering  again  in  the  warmed  condition  at  A.  In  this  way  a 

complete  cycle  is  obtained.  . . , 

Since  the  heat  does  not  pass  of  itself  from  a lower  to  a lug 
temperature,  work  is  necessary,  and  this  is  performed  by  the  engine 
which  works  the  pump  P.  The  consumption  of  work  increases  with 
the  amount  of  heat  which  has  to  be  taken  up  from  the  salt  solu  ion 
and  with  the  depression  of  temperature  which  it  is  desired  to  effect 
In  order  to  show  the  chemical  composition  of  ammonia,  use  is 
made  of  the  decomposition  which  it  undergoes  with  sodium  hypo-  • 
bromite  (p.  228).  This  takes  place  according  to  the  equation 


2NH,  + 3NaOBr  = 3NaBr  + 3H.20  + N2, 


the  hydrogen  of  the  ammonia  being  oxidised  by  the  oxygen  of  the 
livpobromite,  and  the  nitrogen  set  free  m the  gaseous  state.  A 
measured  amount  of  ammonia  gas  is  collected  over  -J^y  ^ 
little  water  then  passed  up  to  it.  The  rapid  ascension the  mercury 
shows  the  great  velocity  with  which  the  gas  is  absorbe  y ^ with 
quantity  of  hypobromite  (obtained  by  adding  • ^ iter)  \ 

cooling,  to  a solution  of  10  gm.  of  caustic  soda  m 00  £ ***} 

is  added  to  the  solution  with  the  aid  of  a pipette » ^ ^ 

end-  nitrogen  is  evolved  which  occupies  half  toe volume . c ► J 

(after  the  former  pressure  has  been  established),  an  * j 
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I recognised  by  its  property  of  not  burning  and  of  not  supporting 
combustion. 

Owing  to  the  fact  that  it  contains  hydrogen,  ammonia  is  com- 
bustible, but  its  velocity  of  combustion  is  too  small  for  a current  of 
the  gas  to  continue  to  burn  in  air.  This  is  possible,  however,  in  pure 
oxygen.  If  concentrated  ammonia  solution  is  warmed  in  a small  glass 
until  it  evolves  gas  copiously,  and  oxygen  is  passed  on  to  the  surface 
of  the  liquid,  the  gaseous  mixture  can  be  ignited.  Around  the  oxygen 
tube  a greenish  flame  is  formed  which  burns  with  a whistling  sound. 
The  ammonia  does  not  burn  to  nitrogen  but  to  nitrous  and  nitric  acids, 
which  combine  with  the  excess  of  ammonia  to  form  the  corresponding 
salts. 

Further,  heated  platinum  catalytically  promotes  the  combustion  of 
ammonia.  If  a heated  spiral  of  platinum  wire  is  hung  in  a mixture  of 
oxygen  (or  air)  and  ammonia,  it  continues  to  glow,  and  fumes  of 
ammonium  nitrate  and  nitrite  are  formed. 

Of  the  ammonium  salts,  that  of  nitric  and  of  nitrous  acid  are  of 
especial  importance  here.  The  former  yields  large  crystals  which  very 
readily  dissolve  in  water,  thereby  producing  a considerable  lowering  of  ■ 
temperature.  If  placed  on  glowing  charcoal,  it  detonates,  and  when 
carefully  heated  decomposes  smoothly  into  water  and  nitrous  oxide — 


NH4N03  = N20  + 2H20.| 

This  is  the  most  convenient  and  usual  method  of  preparing;  nitrous 
oxide  (p.  330). 

Ammonium  nitrite  decomposes  in  a similar  way,  only  much  more 
easily — 

NH4NO,  - N2  + 2H20. 


That  is  to  say,  water  and  nitrogen  are  formed.  The  reaction 
takes  place  very  readily ; it  proceeds  energetically  even  below  the 
boiling  point  of  water. 

For  this  purpose  it  is  not  necessary  to  first  prepare  pure 
ammonium  nitrite,  but  it  is  sufficient  to  bring  the  ions  NET,'  and 
2 together,  i.e.  it  is  sufficient,  in  order  to  obtain  a regular  current 
o nitrogen,  to  warm  a soluble  nitrite  ( e.g . commercial  sodium  nitrite) 
wit  an  ammonium  salt  {e.g.  ammonium  sulphate)  in  aqueous  solution. 

ft  has  been  asserted  that  the  reverse  reaction,  the  combination 
° ree  ^gen  witli  water  to  form  ammonium  nitrite,  also  occurs 
especially  in  the  evaporation  of  water  in  the  air.  It  must,  generally 
spea  ng,  it  is  true,  be  conceded  that  every  chemical  process  which 
takes  place  m a definite  direction  also  takes  place  in  the  reverse 

Ami*3 ’ " a CaS6S  ^ *s  on^  a fiction  of  how  much  is  formed 
Although  exact  determinations  have  not  been  made,  it  may  be 

-n  tlle  formafci°n  of  ammonium  nitrite  from  nitrogen 
water  will  most  probably  ensue  only  to  an  exceedingly  slight 
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degree,  so  that  it  seems  very  doubtful  whether  it  will  be  possible  i 
to  detect  the  amount  formed,  or  indeed,  whether  the  ammonium  j 
nitrite  which  may  be  found  has  been  formed  in  this  way. 

Amido-compounds. — When  potassium  is  warmed  in  ammonia 
gas,  it  is  converted  into  a white  mass,  which  when  fused  appears  blue ; 
hydrogen  is  evolved  in  the  process.  I his  mass  has  the  composition 
KNH.„  and  is  formed  in  accordance  with  the  reaction  2K  + 2NH3  = 

2KNft2  + H2.  . K 

Just  as  in  the  case  of  hydrogen  chloride,  HC1,  and  of  water,  H2Q, 
one  combining  weight  of  hydrogen  can  be  replaced  by  potassium  (or 
another  metal),  so,  also,  it  is  possible  in  the  case  of  ammonia,  H3N. 
This  replacement,  however,  becomes  gradually  more  difficult.  Whereas  ■ 
most  of  the  metals  can  displace  hydrogen  from  hydrochloric  acid,  only 
a few  can  do  so  in  the  case  of  water  \ and  in  the  case  of  ammonia,  . 
only  the  alkali  metals  have  this  power.  The  resulting  product,  also, 
is  rather  unstable  ; on  being  fairly  strongly  heated,  it  decomposes,  and 
in  contact  with  water  it  is  converted  into  potassium  hydroxide  and 
ammonia,  in  a manner  similar  to  the  conversion  of  a metallic  hydroxide 
into  a metallic  chloride  and  water,  in  contact  with  hydrochloric  acid. 

The  residue,  NH9,  produced  by  the  loss  of  one  combining  weight  t. 
of  hydrogen  from  ammonia,  has,  in  many  compounds,  a similar  signifi- 
cance to  the  residue  of  water,  hydroxyl.  It  bears  the  name  amidogen, 
so  that  the  compound  KNH2  is  called  potassamide,  and  it  .is  found  m t 
many  compound  substances.  Since  it  is  formed  from  ammonia  by  the 
loss  of  one  hydrogen,  it  is  monovalent  and  can  take  the  place  of  r 
hydrogen,  chlorine,  or  hydroxyl.  The  amido-compounds  are  most . 
readily  obtained  from  (comparatively  unstable)  chlorine  compounds,  by 
acting  on  these  with  ammonia.  The  chlorine  is  then  eliminated  along  g 
with  hydrogen  as  hydrogen  chloride,  which  mostly  combines  immedi-  - 
ately  with  more  ammonia  to  form  ammonium  chloride,  and  the  amide  « 
residue  takes  the  place  of  chlorine 


R . Cl  + 2NH3  = R . NH2  + NH4C1. 

Another  method  of  obtaining  amido-compounds  consists  in  the t 
action  of  ammonia  on  hydroxyl  compounds  : R . OH  + NH:J  - R . 

H20.  As  a rule,  the  action  takes  place  only  at  comparatively  hign 

temThus,  for  example,  sulphurylamide,  generally  called  shortly  sulphr 
amide,  is  obtained  by  the  action  of  ammonia  on  sulphury1  chloride  . 
SO  CL  + 4NH,  = S02(NH2)2  + 2NH4C1.  To  ensure  that  the  tempera- 
ture does  not  rise  too  high,  the  sulphuryl  chloride  is  dissolved  in  as 
suitable  solvent,  and  the  ammonia  is  passed  slowly  in 

Sulphamide  is  a colourless,  crystalline  compound  which  r^dity 
dissolves  in  water,  and  no  longer  exhibits  the  acid  proper* ms  o 
sulphuric  acid.  Also,  the  solution  does  not  appreciably  conduct  th 
electric  current,  since  the  substance  is  not  a salt. 
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On  keeping  the  aqueous  solution,  the  conductivity  slowly  increases, 
p which  shows  that  a salt  is  formed.  This  occurs  by  the  taking  up  of 
I.  water:  S02(NH2)2  + 2H20  = (NH4)2S04.  That  is,  ammonium  sulphate 

$ is  formed. 


This  reaction  is  a general  one.  By  the  action  of  water,  the  amido- 
K compounds  pass  into  hydroxyl  compounds  plus  ammonia.  This  is  the 
r reversal  of  the  method  of  preparation  of  the  amido-compounds  given 
above ; the  reversal  takes  place  on  the  basis  of  the  law  of  mass  action. 
If  the  water  is  removed,  the  amide  can  be  formed  from  the  hydroxyl 
! compound  and  ammonia ; if,  conversely,  excess  of  water  is  present,  it 
converts  the  amido  compound  into  the  hydroxyl  compound. 

I he  question  may  be  asked  if  an  intermediate  stage  does  not  exist 
between  the  sulphamide  and  the  ammonium  sulphate,  just  as  chloro- 

Isulphonic  acid  is  an  intermediate  stage  between  sulphuryl  chloride  and 
sulphuric  acid.  As  a matter  of  fact,  such  a comjiound  exists.  From 
chlorosulphonic  acid  and  ammonia,  there  is  formed  sulphaminic  acid — 

SO.CIOH  + 2NHS  = SO*£  + NH4C1. 


In  harmony  with  the  fact  that  acid  hydrogen  is  still  present, 
sulpliaminic  acid  or  amidosulphuric  acid  is  a monovalent  acid.  It  is  a 
' colouiless  substance  which  crystallises  well  and  readily  dissolves  in 
• watei  with  an  acid  reaction  ; the  solution  is,  however,  a weaker  acid 
ithan  sulphuric  acid.  This  is  a general  phenomenon  ; the  entrance  of 
an  anndo-group  reduces  the  acid  properties. 

Sulphaminic  acid  is  produced  in  the  form  of  its  ammonium  salt  by 
'.the  gradual  action  of  water  on  the  dissolved  sulphamide 


S02(NH2)2  + H20  = NH4SOa . NH2. 

By  this  reaction,  sulphaminic  acid  shows  itself  still  more  clearly  as 
an  intermediate  compound  between  sulphamide  and  sulphuric  acid. 

Sulphaminic  acid  is  also  produced  by  a number  of  other  reactions 
some  of  which  will  be  discussed  later. 

Siilphammic  acid  can  also  be  regarded  as  a derivative  of  ammonia, 
which  has  been  formed  by  one  hydrogen  of  the  latter  being  eliminated 

NHaand  H?n°H  hydr°XyI  of  the  sulphuric  acid,  the  two  residues 
2 t Hb03  then  uniting  together.  The  question  may  be  asked  if 

Jwonrmtei,reaCtJ0r;  Tyin0t  °CCUr  m°re  than  once  with  ammonia,  so  that 
tluee  of  its  hydrogens  experience  the  same  substitution.  Such 
is  the  case,  the  following  substances  being  known 


Ammonia, 


Disulpliaminic  acid, 


Jg 

IH 

fH 

N-[  so., oh 

I salon 


Sulphaminic  acid, 
Trisulphaminic  acid, 


fH 
N-  I-I 
[SOoOH 
f SO., OH 
Nl  SO,OH 
ISO.lOH 
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Into  the  preparation  and  properties  of  these  substances  we  shall 
not  enter  here ; rather,  they  have  been  mentioned  only  for  the  pur- 
pose of  showing  how  conclusions  by  analogy  may  furnish  a clue  in 
searching  for  new  substances,  the  possibility  of  one  definite  reaction' 
giving  rise  to  the  presumption  that  similar  reactions  are  possible. 
Such  conclusions  do  not  always  lead  to  a positive  result,  since  circum- 
stances may  exist  which  show  that  the  analogy  in  question  does  not 
hold,  or  that  it  is  impracticable.  Still  the  method  has  proved  useful 
in  so  many  cases  that  it  constitutes  one  of  the  most  important  aids 
to  the  progress  of  science  towards  the  knowledge  of  new  compounds. 

The  substances  we  have  mentioned  do  not  complete  the  list  of  the 
nitrogen  derivatives  of  sulphuric  acid,  but  we  must  here  forego  the  dis- 
cussion of  further  details. 

* In  the  same  way  as  sulphuric  acid,  many  other  hydroxyl  com- 
pounds can  also  yield  amides  and  similar  derivatives.  Thus,  for 
example,  there  is  an  amide  of  nitric  acid,  N02NIi2,  obtained  by  a = 
method  which  cannot  here  be  discussed;  it  forms  a white,  crystalline 4 
mass,  which  at  70°  rapidly  decomposes  into  water  and  nitrous  oxide. 
On  account  of  this  decomposability,  it  cannot  be  obtained  by  heating . 
ammonium  nitrate,  whereas,  otherwise,  heating  the  ammonium  salts 
constitutes  a fairly  general  method  for  obtaining  the  acid  amides. 

* Other  Oxygen  - Hydrogen  Compounds  of  Nitrogen  — 
Besides  the  compounds  of  nitrogen  already  described,  there  are  a num- 
ber of  others  which  contain  both  hydrogen  and  oxygen.  e o ow 
ing  list  gives  a review  of  the  entire  series  of  these  compounds. 

& The  highest  stage  of  oxidation  of  nitrogen,  viz.,  nitric  acid,  can  be- 
formally  regarded,  by  the  addition  of  2H20,  ^compound  °* 
with  five  hydroxyl  groups  : HN03  + 2H20  - N(OH)5.  Doubling  d 
formula  in  order  to  obtain  an  expression  for  the  nitrogen  compounds, 
with  2N,  the  following  series  is  obtained  by  the  gradual  replacemen 
of  the  hydroxyl  groups  by  hydrogen  : 


No(OH)10= 

No(OH)9H  = 
N,(OH)8H2  = 
N2(OH)7H3= 
N2(OH)bH4= 

N2(OH),Hb 
N2(OH)4H6= 
N2(OH)3H7  = 

N,(OH).,IV 

N2(OH)H9 

Nad  io" 


44I20  + 2HN03 : 1ST itric  acid. 

5H20  + N20g : Nitrogen  pentoxide. 
5Ho0  + No04:  Nitrogen  peroxide. 
4H20  4-  2HN 0,  : Nitrous  acid. 

5H20  + 2N0  : Nitric  oxide. 

4H20  + H2N202 : Hyponitrous  acid. 
5H20  + N20:  Nitrous  oxide. 

5H.,0  + No  : 'Nitrogen.  . 

2H20  + 2NHo(0H)  : Hydroxyl  amine. 
2H20  + N2H5"(0H) : Diamide  hydrate. 
3H“0  + NoH4:  Diamide. 

2NH4(OH) : Ammonium  hydroxide. 
2H20  + 2N  H3 : Ammonia. 

: Unknown. 

2NHr, : Unknown. 


According  to  this  table,  ammonia  appears  as  the  last 
her  of  the  series  of  reduction  compounds  of  nitric  acid,  and 
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and  nitrogen,  which  stands  in  the  middle,  two  stages  are  present  which 
are  known,  and  to  which  the  names  hydroxylamine  and  diamide  (or 
hydrazine)  have  been  given. 

Hydroxylamine,  NH.,0,  is  formed  under  various  conditions  by  the 
reduction  of  nitric  acid  or  other  oxygen  compounds  of  nitrogen.  It  is 
obtained  chiefly  in  the  form  of  a hydrochloride,  from  which  the  pure 
compound  can  be  obtained  by  decomposition  with  a base,  with  exclu- 
sion of  water,  and  distillation  under  reduced  pressure.  Hydroxylamine 
is  a crystalline  substance  which  melts  as  low  as  33°  and  very  readily 
decomposes.  At  a high  temperature,  it  decomposes  with  explosion  ; 
on  a moderate  rise  of  temperature,  it  decomposes  with  violent  evolution 
of  gas. 

Hydroxylamine  dissolves  in  water,  yielding  a liquid  with  an  alkaline 
reaction.  rlke  aqueous  solution  is  obtained  more  readily  by  decom- 
posing the  salts  of  hydroxylamine  with  suitable  bases,  e.g.  the  sulphate 
with  barium  hydroxide  (p.  290).  On  distilling  the  aqueous  solution, 
part  of  the  hydroxylamine  passes  over  with  the  vapour. 

As  must  be  concluded  from  the  alkaline  reaction,  there  exists  in 
the  solution  a base  which  splits  off  hydroxidion.  Since  all  the  salts 
of  hydroxylamine  are  constituted  according  to  the  formula  NOH4 . A, 
where  A signifies  a monovalent  anion,  the  constitution  of  the  basic 
substance  in  the  aqueous  solution  is  NOH4  . OH,  since  NOH4'  is  the 
■ cation  of  the  hydroxylamine  salts. 

This  is  an  exceedingly  feeble  base,  and  is  much  less  dissociated 
: than  ammonia.  On  account  of  its  decomposability,  its  electrical  con- 
ductivity has  not  yet  been  determined  with  accuracy. 

Hydroxylamine  is  very  unstable  to  oxidising  agents  both  in  the 
I free  state  as  Avell  as  in  its  salts,  and  passes  readily  into  nitrogen  and 
water  : 2NOH3  + 0 = N2  +*  3H20. 

The  oxygen  contained  in  hydroxylamine  and  in  its  salts,  has  been 
J regarded  as  united  with  hydrogen  to  form  hydroxyl,  and  the  substance 
] has,  therefore,  received  the  formula  NH2(OH),  in  accordance  with  which 
I assumption  the  name  also  has  been  formed.  The  base  present  in 
aqueous  solution  would,  therefore,  have  the  formula  NH3(OH),,  and 
as,  according  to  this,  it  contains  two  hydroxyls,  it  would  be  divalent 
ij.  and  could  form  salts  of  the  type  NHg . A2,  where  A is  a monovalent 
anion.  Such  salts  are  not  known,  and  there  is,  therefore,  in  this  direc- 
1 toon,  no  immediate  foundation  for  the  above  assumption.  The  fact, 
j however,  that  hydroxylamine  is  such  a feeble  base  makes  the  possibility 
I the  formation  of  di-acid  salts  recede  greatly  into  the  background. 

| r or  the  oxyacids,  indeed,  are  hydroxyl  compounds  in  which  no 
' basic  properties  can  be  recognised.  The  non-existence  of  divalent 
• salts  is,  therefore,  no  proof  against  the  assumption  that  the  oxygen 
jn  hydroxylamine  forms  a hydroxyl  group,  and  since  other  facts 
] fDelongmg  to  organic  chemistry)  speak  in  its  favour,  that  formula  may 
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Hydrazine. — A further  reduction  product  of  nitrogen,  of  basic  i 
character,  the  basic  properties  of  which  are  intermediate  between 
those  of  hydroxylamine  and  ammonia,  can  likewise  be  obtained  by  the  ; 
reduction  of  the  higher  oxygen  compounds  under  certain  conditions  , J 
which  cannot  be  described  here.  This  compound  has  the  composition  \ 
N.,H4,  and  can  be  obtained  from  the  corresponding  salts  by  decomposi-  . 
tion  with  bases,  with  elimination  of  water. 

The  substance  has  received  the  name  hydrazine  (from  azote  = 
nitrogen) ; it  is  also  called  diamide,  since  the  atomic  group  NH2  has  ■ n 
long  been  called  amide. 

Idydrazine  is  a colourless  liquid  which  boils  at  114°  and  solidifies  si 
at  1 °.  It  combines  with  water  to  form  a hydrate  N2H(iO,  which  is  - 
volatile  without  decomposition.  In  a further  quantity  of  water  it  dis- 
solves, yielding  a liquid  with  an  alkaline  reaction,  from  which  the  salts  ■ 
of  hydrazine  can  be  obtained  by  neutralisation  with  acids. 

Two  series  of  such  salts  are  known,  monacid  and  diacid.  The 
former  have  the  composition  N2H5  . A,  the  latter,  N2H6  . A2.  The  »j 
corresponding  hydroxides  are,  therefore,  N2H.(OH)  and  N2HG(OH)2. 

The  salts  of  the  second  series  are,  however,  very  unstable  and  ij 
readily  decompose  into  salts  of  the  first  series  and  free  acid.  In  i 
aqueous  solution,  the  same  decomposition  takes  place  almost  com- 
pletely. The  aqueous  solution,  therefore,  even  of  the  free  base 
consists  essentially  of  N0H5(OH)  and  of  the  ions  of  this  monacid  base,  . 
viz.,  N2H.'  and  OH'.  ^The  ions  formed  from  this  by  accession  of  i 
water,  N^Hg  and  2 OPT,  are  present  to  quite  a small  extent. 

The  solutions  of  hydrazine  have  a powerfully  reducing  action,  and  1 
exceed  in  this  respect  even  the  hydroxylamine  solutions. 

Hydrazoic  Acid. — The  last  compound  of  this  series  which  we 
shall  mention  here  is  hydrazoic  acid,  PIN3.  It  did  not  find  a place  in 
the  general  summary  given  on  p.  344,  since  it  contains  three  combining  {I 
weights  of  nitrogen,  and  that  list  was  extended  only  to  two  combining  . 
weights  of  that  element. 

Hydrazoic  acid  was  first  obtained  by  the  decomposition  of  organic  . 
compounds  of  complex  composition  ; not  until  later  wras  a method  dis- 
covered for  preparing  it  from  simpler  substances.  One  of  the  simplest 
methods  of  preparation  is  from  hydrazine  and  nitrous  acid  in  aqueous 
solution.  There  occurs  the  reaction  N2H4  + HN02  = HN3 -f  2H20. 
Further,  the  sodium  salt  of  hydrazoic  acid,  NaN3,  is  obtained  by  pass- 
ing nitrous  oxide  over  heated  sodamide  (p.  342).  The  reaction  is  t 
NH2Na  + N00  = NaNg  + H.,0.  The  acid  can  be  obtained  from  the 
sodium  salt  by  distillation  of  the  aqueous  solution  after  the  addition  ot 

sulphuric  acid.  , .,  j 

On  distilling  the  aqueous  solution  obtained  by  one  or  other  method, 

the  acid  first  passes  over  and  can  in  this  way,  finally  also  b\  t ie  u&e 
of  dehydrating  agents,  be  obtained  in  the  pure  state.  Hydrazoic  aci 
is  thus  obtained  as  a colourless  liquid  with  a strong  and  very  un- 
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1 1 pleasant  smell,  which  boils  at  37°,  and  explodes  very  readily  with  great 
| violence.  The  same  property  is  also  possessed  by  many  of  its  salts 
| in  the  solid  state.  In  solution,  however,  the  acid  is  fairly  stable. 

In  the  case  of  this  compound,  the  acid  properties  are  clearly 
l although  not  very  strongly  developed  : a 1 per  cent  aqueous  solution 
| • is  dissociated  to  the  extent  0-008  into  its  ions.  On  account  of  the 
(*  slight  dissociation,  it  can  be  separated  from  its  aqueous  solutions  by 
g distillation.  The  ions  of  the  acid  are  hydrion,  and  the  group  N3' ; the 
t salts  of  the  acid  are,  therefore,  sometimes  called  metallic  nitrides. 

Organic  Nitrogen. — It  has  already  been  mentioned  that  nitrogen 
i is  an  essential  component  of  all  living  organisms,  and  is  found  especially 
| in  those  substances  whose  changes  appear  closely  bound  up  with  vital 
r activity.  It  is,  therefore,  of  great  importance  to  understand  the  cir- 
t s culation  of  this  element  in  the  organised  world. 

Since  free  nitrogen  is  indifferent  and  no  substance  is  known  which 
;•  interacts  with  it  at  ordinary  temperature,  it  was  long  believed  that  all 
organisms  must  carry  on  life  with  that  amount  of  combined  nitrogen 
| which  is  at  their  disposal  on  the  earth’s  surface.  In  fact,  the  action 
n 'of  manure  from  animal  excrement  depends  in  large  degree  on  the  fact 
that  it  contains  combined  nitrogen,  which  is  taken  up  by  the  plants  and 
f subsequently  passes  again  into  the  animal  organism. 

Besides  this  nitrogen,  rain  water  always  contains  small  quantities 
t of  ammonia,  which  may  partly  be  formed  from  animal  nitrogen  which 
; has  been  evolved  in  the  form  of  ammonia  and  is  taken  up  from  the  air 
by  rain.  The  ammonia  of  rain  water,  however,  frequently  occurs  in 
•the  form  of  ammonium  nitrate,  and  the  nitric  acid  which  is  required 
for  this  probably  owes  its  existence  to  electric  discharges  in  the  air, 
whereby  free  nitrogen  is  made  to  combine  with  oxygen.  Here  we 
have  at  least  one  source  of  combined  nitrogen  by  which  our  capital  in 
that  can  be  increased. 

Further,  it  has  recently  been  found  that  certain  low  forms  of  life 
i form  substances  which  can  unite  with  free  nitrogen  and  convert  this 

Iinto  the  combined  state.  These  organisms  occur  partly  alone,  but 
chiefly  in  \ital  association  (symbiosis)  with  higher  plants,  especially  the 
papillionacese  or  leguminosse  (lupines,  clover,  beans,  peas),  in  whose 
s roots  they  reside.  The  amount  of  combined  nitrogen  is  likewise  in- 
creased by  these  plants.  There  appears,  therefore,  to  be  no  immediate 
range r of  the  earth  becoming  impoverished  with  respect  to  its  combined 
nitrogen. 
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General. — The  name  phosphorus  (light-bearer)  was  formerly  used  t< 
designate  all  substances  which  possess  the  property  of  emitting  lighu 
without  at  the  same  time  having  a correspondingly  high  temperature 
The  name  phosphorescence,  used  in  physics  for  the  after  luminescenct 
shown  by  certain  substances  after  a previous  exposure  to  light,  is  ; 
relic  of  that  usage.  At  the  present  day,  the  name  phosphorus  is  com 
fined  to  one  element,  which  also  exhibits  the  above  property  of  cok 
luminescence,  although  for  a different  reason. 

Phosphorus  Avas  discovered  about  the  year  1670  by  an  alchemist 
Brandt,  who  obtained  it  by  the  distillation  of  the  residue  left  on  thi 
evaporation  of  human  urine.  He  kept  his  method  secret,  but  it  'vat 
soon  found  out  by  Kunkel  in  Germany,  and  Boyle  m England.  Gahr 
and  Scheele  also  soon  found  that  the  bones  of  the  Arertebrate  animal*! 
were  a much  richer  source  of  phosphorus,  and  at  the  present  day  it  « 

still  chiefly  prepared  from  these.  ^ 

The  method  of  obtaining  phosphorus  depends  on  the  fact  that  the 
oxygen  compound  of  phosphorus,  phosphoric  acid,  which  is  container 
in  the  bones,  is  reduced  by  charcoal.  The  charcoal  combines  with  thei 
oxygen,  and  the  phosphorus  is  set  free  and  distils  over.  The  reaction 
cannot  be  given  here  in  detail,  but  will  be  more  fully  described  later 

(Chap.  XXIII.).  , , . . 

In  nature,  phosphorus  occurs  only  in  the  form  of  salts  of  the  juJ- 
mentioned  phosphoric  acid.  These  compounds  are  very  wide-spread 
although  they  do  not  occur  anywhere  in  large  quantities.  I hey  ar «« 
great  importance  for  organic  life,  since  the  “protoplasm  of  the  cells, 
the  substance  to  Avhich  the  actual  vital  activity  is  attached,  alwjy| 
contains  small  amounts  of  phosphorus  compounds.  The  nene  an 
brain  substances,  more  especially,  are  comparatively  rich  in  phosphorus, 
which  is  there  present  in  the  form  of  phosphoric  acid  derivatives,  r 

Phosphoric  acid  is  also  indispensable  for  the  groAvth  of  pi 
As  the  soil  does  not  usually  contain  much  of  it,  this  substance  is  - 
the  purpose  of  high  cultivation,  added  to  the  soil.  The  aitihci. 
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| manures  containing  phosphoric  acid  play  a very  important  role  in 
I agriculture. 

The  Allotropic  Modifications  of  Phosphorus.— Elementary 
| phosphorus  occurs  in  two  very  different  forms,  with  properties  so  unlike 
I that  they  would,  at  first  sight,  be  taken  for  quite  different  substances. 
| The  variety  of  phosphorus  which  has  been  longest  known  is  formed 
| when  the  vapour  of  the  substance  is  quickly  cooled,  which  occurs, 
I indeed,  in  the  preparation.  The  vapour  then  condenses  to  a wax-like 
I mass  which,  in  the  pure  state,  is  almost  colourless  ; it  melts  at  44°, 
tj  boils  at  287°,  is  readily  soluble  in  various  solvents,  and  is  luminous  in 
the  air,  at  the  same  time  emitting  fumes.  This  white  phosphorus  can 
a be  readily  obtained  in  fine  crystals  belonging  to  the  regular  system  and 
i having  a diamond  lustre,  by  allowing  solutions  of  phosphorus  ( e.g . in 
(j  carbon  disulphide)  to  slowly  evaporate,  -with  exclusion  of  air.  Crystals 
■are  also  obtained  when  the  slow  sublimation  of  the  phosphorus  is 
effected  by  a slight  difference  of  temperature  in  a vacuum. 

The  smoking  and  luminescence  of  white  phosphorus  in  the  air, 
i .depends  on  the  fact  that  it  combines  with  the  oxygen  of  the  latter  and 
passes  into  various  oxidation  products,  which  shall  be  described  later. 
Phosphorus,  on  lying  exposed  to  the  air,  therefore,  diminishes  in 
amount,  and  finally  liquefies  to  an  acid  liquid,  which  is  the  solution 
of  the  above  products  of  oxidation  in  the  water  abstracted  from  the 
air. 


White  phosphorus,  on  being  even  gently  warmed  in  the  air,  takes 
fire  and  burns  with  a brightly  luminous  flame.  The  appearances  seen 
here  have  already  been  described  (p.  16). 

The  second  form,  red  phosphorus,  behaves  quite  differently  from  the 
white  variety.  It  is  obtained  by  heating  white  phosphorus  out  of 
contact  -with  the  air,  to  a temperature  of  250°  to  300°.  Red  crusts 
then  separate  from  the  colourless,  liquid  phosphorus,  and  almost  the 
entire  amount  is  gradually  converted  into  a red,  solid  mass.  If  this  is 
treed  by  suitable  solvents  from  the  ordinary  white  phosphorus  which 
is  still  present  in  small  quantities,  a dark  red  powder  is  obtained, 
which  remains  for  a long  time  unchanged  in  the  air,  does  not  appreci- 
ably dissolve  in  the  solvents  for  white  phosphorus,  does  not  become 
i.uminous,  and  can  be  heated  to  a fairly  high  temperature  without 
toecoming  ignited.  Further,  red  phosphorus  is  not  poisonous,  whereas 
white  phosphorus  is  highly  so. 

That  these  two  substances,  so  different  in  appearance,  are  both 
elementary  phosphorus,  is  seen,  on  the  one  hand,  from  the  fact  that 
-he  one  can  be  converted  without  residue  into  the  other,  and,  on  the 
other  hand,  from  the  fact  that  both,  when  subjected  to  the  same 
‘actions,  yield  the  same  transformation  products  in  equal  amounts. 

1 Red  phosphorus  is  frequently  called  amorphous  phosphorus.  This 
lesigriation  is  incorrect ; the  small  scales  of  which  red  phosphorus 
" 'onsists  are  found,  on  microscopic  examination,  especially  in  polarised 


350 


PRINCIPLES  OF  INORGANIC  CHEMISTRY  chapJ] 

light,  to  be  crystalline.  The  conversion  of  white  phosphorus  into  ret 
is  accompanied  by  an  evolution  of  heat  equal  to  114  kj. 

Reciprocal  Transformation  of  the  two  Kinds  of  Phos 
phorus. — That  red  phosphorus  is  formed  from  white  by  heating 
has  already  been  mentioned.  The  velocity  of  this  change  depend/ 
very  greatly  on  the  temperature;  at  300°  it  is  moderate,  at  350°)] 
however,  it  is  very  great,  so  great,  indeed,  that  explosion  readily 
takes  place.  For,  since  a considerable  amount  of  heat  is  set  free- 
in  the  transformation,  the  temperature  of  the  phosphorus  riser 
spontaneously,  and  the  velocity  of  transformation  becomes  thereby  i 
so  increased  that  a portion  of  the  phosphorus  can  be  vaporised  by 
the  heat  produced. 

The  velocity  of  transformation  can  be  very  greatly  increased  by  - 
means  of  catalytically  acting  substances,  so  that  the  amount  of  trans-> 
formation  even  at  a low  temperature  is  considerable.  Such  a cataly- 
tically  accelerating  agent  has  been  found  in  iodine,  which  is  effective 
even  when  present  in  very  small  amount. 

Light  exercises  a similar,  accelerating  influence.  Sticks  of  white  j 
phosphorus  which  have  been  kept  for  some  considerable  time  in  a*; 
glass  bottle,  become  covered  with  a red  layer  which  consists  essentially  j 
of  red  phosphorus.  In  such  a case,  it  can  generally  be  clearly  seen  i 
that  the  outside  parts,  which  have  been  most  strongly  exposed  to  the 
light,  are  correspondingly  darker  in  colour. 

Although  such  different  conditions  are  known  under  which  white, 
phosphorus  passes  into  red,  there  is  only  one  method  for  effecting  the 
reverse  transformation.  It  consists  in  converting  the  red  phos-> 
phorus  into  vapour  and  quickly  cooling  this.  The  vapour  always 
condenses  then  to  colourless  liquid  or  solid  phosphorus. 

If  these  facts  are  examined  in  the  light  of  the  relationships  which 
we  have  seen  to  exist  between  polymorphous  substances,  e.g.  in  the 
case  of  sulphur  (p.  254),  we  must  regard  the  white  phosphorus  as  the: 
unstable  form  compared  with  the  red.  This  view  is  supported  by  the 
various  spontaneous  transformations  which  take  place  at  comparativ  elyij 
high  temperatures,  and  under  the  influence  of  catalysers  and  of  light,, 
although  the  latter  circumstance  is  not  without  doubt.  The  much! 
greater  solubility  of  white  phosphorus  also  supports  the  above- 

view.  . , I 

The  formation  of  white  phosphorus  from  the  vapour,  is  another 

case  of  the  law  that  the  less  stable  form  first  appears  (p.  207). 

In  the  case  of  polymorphous  substances,  now,  there  are  two 
possibilities.  Either  the  two  forms  can  have  a transition  point  on# 
either  side  of  which  the  relative  stability  changes,  as  is  the  case 
with  sulphur  (p.  254) ; or,  as  in  the  case  of  iodine  monochlondel 
(p.  238),  the  one  can  be  the  stable,  the  other  the  unstable  form,v 
throughout  the  whole  accessible  range  of  temperature  up  to  the-; 
melting  point.  Substances  of  the  first  kind  are  called  enantiotropic,  j 
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c those  of  the  second,  monotropic.  In  the  case  of  white  and  red 
phosphorus,  is  the  relationship  one  of  enantiotropy  or  of  monotropy  ? 

At  fairly  high  temperatures,  red  phosphorus  is  certainly  the  more 
stable,  since  it  is  produced  spontaneously  from  the  white.  At  lower 
temperatures,  the  relationship  is  also  the  same,  as  is  proved  by  the 
. greater  solubility  of  the  white  form.  Consequently,  phosphorus  must 
be  regarded  as  monotropic,  and  the  red  phosphorus  is  under  all 
circumstances  the  more  stable  form  compared  with  the  white.  It  is 
also  the  more  stable  form  with  reference  to  liquid  phosphorus,  since, 
indeed,  the  conversion  into  red  phosphorus  at  higher  temperatures 
takes  place  from  the  liquid,  because  white  phosphorus  melts  as 
low  as  44°. 

Objection  could  be  taken  to  this  view  on  the  ground  that  white 
phosphorus  can  be  kept  for  a very  long  time,  even  in  contact  with  the 
red  form,  "without  transformation  taking  place.  This,  however,  only 
proves  that  the  velocity  of  transformation  at  room  temperature  is 
very  small.  This  is  not  a mere  assumption  made  to  explain  the 
present  relations,  but  is  seen  to  be  in  accordance  with  the  rule  when 
the  following  facts  are  kept  in  view. 


As  has  already  been  mentioned  several  times,  the  velocity  of 
chemical  reaction  increases  with  a rise  of  temperature  in  such  a 
way  that  a rise  of  10°  or  15°  corresponds  to  a doubling  of  the 
.velocity,  and  the  reverse  holds  for  a lowering  of  temperature.  Now, 
the  transformation  at  250 J takes  place  in  a few  hours;  assume  it  to 


occur  in  one  hour,  and  assume,  further,  that  a doubling  of  the  velocity 


takes  place  only,  with  every  15°,  then  the  reaction  at  10°  lasts  21G 
hours,  or  about  eight  years.  If  we  assume,  however,  that  the  velocity 
iis  doubled  by  a rise  of  10  , then  the  time  of  transformation  at  20°  is 
found  to  be  1000  years.  This  rough  calculation  shows  that  the 
(assumption  of  a very  small  velocity  of  transformation  at  room  tem- 
perature contains  nothing  contradictory  to  fact. 

The  Oxidation  of  Phosphorus'  in  Air.— Not  only  does  there 
attach  to  the  slow  combustion  of  phosphorus  in  the  air  the  historical 
” interest  that  it  led,  by  reason  of  the  peculiar  emission  of  light,  to  the 
discovery  of  this  element,  but  there  still  exist  at  the  present  day 
questions  of  scientific  interest  with  relation  to  this  long-known 
ihenomenon,  which  ha,ve  not  as  yet  received  a satisfactory  answer. 

Phosphorus  is  luminous  in  the  air  at  ordinary  temperatures,  and  at 
he  same  time  undergoes  oxidation.  The  higher"  the  temperature  rises 

i red  more  vlo0I'0us  does  this  slow  combustion  become,  passing,  at  about 
t to  . into  rapid  combustion. 


If  the  concentration  of  the  oxygen  is  diminished,  e.g.  by  allowing 
tie  phosphorus  to  undergo  oxidation  in  a confined  space,  the  lumih- 
E scence  continues  till  the  last  detectable  trace  of  oxj^gen  is  used  up 
■ tven  exceedingly  small  amounts  of  oxygen  are  sufficient  to  bring 
['  Dout  the  luminescence,  and  it  was  a matter  of  difficulty  to  show  that 
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oxygen  was,  indeed,  present  in  all  cases  in  which  luminescence 
occurred. 

* On  the  other  hand,  even  very  small  quantities  of  phosphorus 
are  sufficient  to  give  rise  to  the  luminescence  in  the  air.  This  pheno- 
menon is,  therefore,  employed  for  the  detection  of  traces  of  phosphorus,  ■ 
e.g.  in  cases  of  poisoning.  For  this  purpose,  the  mass  to  he  in- 
vestigated is  placed  along  with  water  in  the  flask  K (tig-  *14),  and  tj 
heated  to  boiling.  The  vapours  are  conducted  through  a twice-bent 
tube  into  the  condenser  R.  If  phosphorus  is  present,  a luminous  ring . 
appears  in  the  dark  at  the  point  a,  where  the  aqueous  vapour  and, 
along  with  it,  the  phosphorus  vapour  are  condensed. 

It  might  be  expected  that  the  luminescence  in  pure  oxygen  would 


be  especially  vigorous.  This  however  is  not  the  case.' 
does  not  become  luminous  at  all  in  pure  oxygen  unum  at  p 
pressure  On  diminishing  this,  the  luminescence  commences  at  a 
definite  pressure,  which  depends  on  the  temperature  and  which  ,1 
thp  Greater  the  higher  the  temperature.  The  fact,  therefore,  w 
phosphorus  is  luminous  in  ordinary  air  is  due  to  the  partial  pressur 
of  the  oxygen  of  the  air  being  below  this  special  Piess“  ’ ' 

temperature  of  - 7°, -at  which  the  “luminescence  pressure  in  pu 
oxygen  is  ith  atmosphere,  is  also  the  limit  for  luminescence » in  am  ^ 
The  nitrogen  acts  as  a diluent,  and  exerts  no  speci  c * 

the  phenomenon.  Many  other  gases,  especially  ^ nUv  : 

substances,  such  as  oil  of  turpentine  or  ale ohol,  beh are  difl 
they  prevent  the  luminescence,  even  when  they  ™ ’f 

Loll  amount.  The  reason  is  a great  retardation  of  the  velocity 
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p reaction  between  phosphorus  and  oxygen ; the  phenomenon  is,  there- 
fore, a catalytic  one.  This  behaviour  is  of  importance  for  the  above- 
mentioned  method  of  detecting  phosphorus  by  means  of  the  lumin- 
escence, since  it  can  make  it  appear  as  if  phosphorus  were  absent  when, 
in  reality,  it  is  present. 

Ozone  (p.  79)  is  formed  in  the  slow  combustion  of  phosphorus  in 
the  air,  and  can  be  readily  recognised  by  its  smell ; that  which  is 
usually  termed  phosphorus  smell  is  nothing  but  the  smell  of  ozone. 
The  vapour  of  phosphorus  itself  has  a smell  like  garlic.  One  can 
convince  oneself  of  this  by  preventing  the  destruction  of  the  vapour 
by  adding  traces  of  a substance  which  prevents  the  slow  oxidation. 
If  a clean  stick  of  phosphorus,  half  covered  with  water,  is  allowed  to 
: oxidise  in  a large  flask,  whereby  it  is  advantageous  to  slightly  raise 
the  temperature,  the  air  of  the  flask  soon  becomes  full  of  ozone,  and 
the  reactions  of  this  substance  given  on  p.  79,  especially  the  turning 
: brown  of  potassium  iodide  and  the  bleaching  of  litmus,  can  be  easily 
demonstrated. 

Since  ozone  is  a substance  which  is  formed  from  oxygen  by  the 
absorption  of  free  energy,  this  energy  must  come  from  somewhere 
in  else.  Evidently,  it  is  the  oxidation  of  the  phosphorus  which  yields 

!this  energy.  In  accordance  with  the  principle  stated  on  p.  203,  such  a 
process  can  be  brought  about  only  by  a coupled  reaction,  and  it  must, 
therefore,  be  concluded  that  the  formation  of  ozone  takes  place  in  such 
a way  that  the  ratio  of  the  amount  of  oxidised  phosphorus  to  that  of 
the  ozone  produced  is  definite  and  a whole  number.  This  is,  indeed, 
the  case ; the  experiments  made  on  this  point  have  shown  that  equal 
amounts  of  oxygen  are  used  up  for  the  oxidation  of  phosphorus  and 
for  the  formation  of  ozone.  It  has,  however,  not  yet  been  established 
what  the  chemical  reaction  here  is. 

Phosphorus  Vapour. — The  combining  weight  of  phosphorus  is 

I found,  from  its  chemical  relations,  to  be  31  ; the  molar  weight  of 
phosphorus,  calculated  from  its  vapour  density,  has  been  found,  how- 
ever, equal  to  124,  so  that  to  this  vapour  the  formula  P4  must  be 
I ascribed.  In  this  respect,  therefore,  phosphorus  differs  essentially 

: from  nitrogen,  to  which  it  exhibits  many  points  of  resemblance  in 
the  case  of  its  compounds,  and  is  related  to  sulphur, 
j At  very  high  temperatures,  the  density  of  phosphorus  vapour 
; becomes  less.  Exact  measurements  of  the  progress  of  this  process, 
K'  which  presumably  consists  in  the  transformation  into  P.„  are  not 
l j;  known. 

j In  accoi’dance  with  the  x-elations  existing  between  white  and  red 
phosphorus,  as  described  on  p.  350,  the  two  forms  have  a very  different 
q vapour  pressure,  the  white  having  a much  higher  one  than  the  red. 
i r Since  the  transformation  of  the  one  form  into  the  other  occurs 
^comparatively  slowly,  both  equilibria,  that  between  white  phosphorus 
and  its  vapour  and  that  between  red  phosphorus  and  its  vapour,  can 
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bo  observed.  These  relations  are  represented  in  Fig.  95.  Above 
400°  white  (liquid)  phosphorus  cannot  be  investigated,  as  its  con-,] 
version  into  the  red  form  is  too  rapid. 

* As  can  be  seen  from  Fig.  95,  the  vapour  pressure  of  red  phos- 
phorus is  at  350°  still  much  smaller  than  that  of  the  white  at  200°.' 
It  must,  therefore,  be  possible  to  distil  phosphorus  from  a colder  spot  j 
to  a warmer,  if  we  have  white  phosphorus  at  the  former  and  red  at 
the  latter.  This  apparent  impossibility  has  been  confirmed  by  ex- 
periment. This  reversal  of  the  usual  state  of  affairs  on  distillation,  i&q 
due  to  the  fact  that  the  distillate  consists  of  something  else  than  the' 
distilling  liquid.  Distillation  can  take  place  only  with  diminution  of  f 


the  free  energy,  whereas,  in  the  case  of  any  definite  substance,  the  « 
free  energy  certainly  increases  with  rise  of  temperature.  In  this  case,  4 
however,  the  loss  of  free  energy  in  the  conversion  into  the  red  form  is  > 
so  great  that  it  more  than  counterbalances  the  increase  due  to  a 
moderate  rise  of  temperature. 

Application  of  Phosphorus.— The  Ioav  temperature  at  which 
phosphorus  takes  fire,  has  given  rise  to  its  technical  application  m the 
preparation  of  matches.  The  ends  of  small  strips  of  wood  which  have 
been  rendered  readily  inflammable  by  coating  with  sulphur,  soaking  - 
with  paraffin,  or  by  slightly  charring,  are  covered  with  a mass  consist- 
ing of  phosphorus  and  a substance  rich  in  oxygen  (pyrolusite,  potassium  » 
chlorate,  or  such  like)  along  with  a cement  (gum  or  dextrine).  1 

cement  encloses  the  phosphorus  and  protects  it  from  oxidation  by  the 
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oxygen  of  the  air ; the  oxygen  compound  added  accelerates  the 
combustion.  Owing  to  the  rise  of  temperature  produced  on  rubbing 
this  mass  on  a rough  surface,  the  temperature  of  ignition  of  the 
phosphorus  is  exceeded  at  some  point,  the  mass  takes  fire,  and  the 
combustion  is  communicated  to  the  wood  by  means  of  the  intermediate 


substance. 

On  account  of  the  poisonousness  of  white  phosphorus,  which  can 
give  rise  to  serious  illness  in  the  workers,  endeavours  have  been  made 
to  avoid  its  use.  The  heads  of  the  so-called  Swedish  safety  matches 
do  not  contain  any  phosphorus,  but  only  mixtures  of  combustible 
substances  and  substances  containing  oxygen,  the  temperature  of 
ignition  of  which  is  so  high  that  it  cannot  be  reached  by  rubbing, 

ior  can  be  so  only  with  difficulty.  Ignition  is  effected  by  using  a 
rubbing  surface  composed  of  red  phosphorus  along  with  some 
additions ; on  rubbing,  some  of  this  combustible  mass  is  brought  into 
contact  with  the  material  of  the  match-head,  and  the  temperature 
necessary  for  ignition  is  produced. 

Hydrogen  Compounds  of  Phosphorus. — When  white  phos- 
phorus is  heated  witli  caustic  soda  solution,  a gas  is  evolved  which 
has  the  remarkable  property  of  igniting  spontaneously  in  the  air. 
This  gas  consists  of  phosphorus  and  hydrogen ; in  conformity  with  its 
density,  34,  and  the  fact  that  it  is  composed  of  one  combining  weight 
of  phosphorus  to  three  of  hydrogen,  it  must  receive  the  formula  PII  ,. 
The  reaction  which  occurs  here  will  be  explained  presently. 

If  the  gas  is  collected  without  access  of  air,  it  is  found  to  be 
colourless,  and  only  slightly  soluble  in  water,  and  to  have  a powerful 
smell  like  putrefying  fish.  It  readily  undergoes  decomposition.  Even 
on  being  gently  heated,  as  well  as  under  the  action  of  light,  it  de- 
i composes  into  hydrogen  and  phosphorus,  which  separates  out  in  the 
red  foim  Avlien  the  decomposition  takes  place  in  light.  The  gas  can 
also  be  readily  decomposed  by  the  electric  spark. 

Hydrogen  phosphide  can  be  mixed  with  pure  oxygen  without 
igniting  spontaneously.  If,  however,  the  pressure  under  which  the 
mixture  stands  is  diminished,  explosion  and  combustion  of  the 
hydrogen  phosphide  suddenly  occurs  at  a definite  small  pressure, 
which  depends  on  the  proportions  of  the  two  gases  and  on  the 
temperature.  This  phenomenon  exactly  recalls  the  behaviour  of 
phosphorus  itself,  which  can  also  combine  with  oxygen  only  when 
the  pressure  of  the  latter  does  not  exceed  a definite  value.  It  is 
very  possible  that  we  are  dealing  in  both  cases  with  the  same 
phenomenon,  since  the  hydrogen  phosphide,  in  consequence  of  its 
i leady  decomposability,  will  always  contain  traces  of  phosphorus 
' vapour. 

I If  the  spontaneously  inflammable  gas  is  kept  some  time,  it  loses 
he  property  of  spontaneous  inflammability,  although  analysis  cannot 
'letect  any  essential  difference.  It  was,  therefore,  at  first  thought 
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that  two  different  kinds  of  hydrogen  phosphide  of  the  same  com- 
position existed,  until  it  was  found  that  the  property  of  spontaneous 
inflammability  belonged  not  to  the  pure  hydrogen  phosphide  PH3,  but 
to  another  hydride  of  phosphorus  having  the  composition  P.2H4,  which 
is  produced  in  small  amount  along  with  PH3,  and  whose  presence  is 
the  cause  of  the  spontaneous  inflammability. 

This  can  be  proved  by  passing  the  spontaneously  inflammable 
hydrogen  phosphide  through  a freezing  mixture.  The  less  volatile, 
spontaneously  inflammable  hydrogen  phosphide  separates  out,  and  the 
issuing  gas  has  now  lost  the  property  of  igniting  spontaneously. 

The  composition  of  hydrogen  phosphide  recalls  that  of  ammonia, 
and  in  view  of  the  manifold  resemblance  between  nitrogen  and  phos- 
phorus, basic  properties  will  also  be  looked  for  in  the  case  of  hydrogen 
phosphide.  As  a matter  of  fact,  these  exist,  but  in  exceedingly  slight 
degree. 

Hydrogen  phosphide  combines  most  readily  with  the  halogen 
liydracids,  above  all  with  hydriodic  acid.  Both  gases  combine 
directly  on  being  brought  together,  forming  a crystalline  mass 
which 1 has  the  same  crystalline  form  as  ammonium  chloride.  Its 
composition  is  represented  by  the  formula  PH4I,  exactly  corre- 
sponding to  ammonium  chloride,  NHtCl.  On  attempting,  howe\  er, 
to  dissolve  this  white  mass,  which  bears  the  name  phosphonium 
iodide  (phosphonium  = PH4),  in  water,  hydrogen  phosphide  is  evolved, 
and  we  are  left  with  only  a solution  of  hydriodic  acid. 

* In  order  to  obtain  phosphonium  iodide,  it  is  not  necessary  to 
prepare  the  two  gases  separately,  but  it  can  be  obtained  in  one 
operation  by  the  action  of  phosphorus  and  water  on  iodine.  For  this 
purpose,  white  phosphorus  (4  parts)  is  placed  in  a retort  along  with 
iodine  (10  parts),  and  carefully  heated  with  water  (3  parts).  A two- 
fold reaction  takes  place,  one  portion  of  the  phosphorus  withdrawing 
oxygen  from  the  water,  so  that  the  hydrogen  can  combine  with  the 
iodine  to  hydrogen  iodide.  On  the  other  hand,  the  hydrogen 
so  produced  goes  to  form  hydrogen  phosphide.  The  total  reaction 
can  be  expressed  by  the  equation  51  + 9P  + 1 2H.,0  = 4HP03  + 5PH4I. 

The  above  mentioned  hydrogen  phosphide,  which  inflames  spon- 
taneously in  the  air,  has  the  composition  P2H4;  it  is  a colourless 
liquid,  which  boils  at  57°.  It  is  an  unstable  substance,  and  in  light  as 
well  as  in  contact  with  various  catalytic  substances  it  yields  a yellow, 
solid  substance,  P4H2,  or  solid  hydrogen  phosphide,  hydrogen  phosphide 
was  being  formed  at  the  same  time. 

° Halogen  Compounds  of  Phosphorus.— Phosphorus  combines  m 
several  proportions  with  all  the  halogens,  so  that  we  have  here  a large 
variety  of  different  compounds.  These  are  mostly  very  reactive,  ?.«• 
have  a tendency  to  undergo  decompositions  with  other  substances,  an 
are  used  as  important  reagents  in  many  preparations  _ 

If  chlorine  is  passed  over  phosphorus  contained  in  a retort  irom 
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which  the  air  has  been  previously  displaced  by  carbon  dioxide,  in  order 
to  prevent  the  phosphorus  igniting  spontaneously,  direct  combination 
of  the  two  takes  place.  The  heat  thereby  developed  is  sufficient  to 
vaporise  the  greater  part  of  the  compound  formed,  and  this  condenses, 
therefore,  in  the  receiver  as  a colourless  liquid. 

The  reaction  proceeds  in  the  above  manner  when  a sufficient 
amount  of  phosphorus  is  present ; if,  however,  the  chlorine  is  in 
excess,  another  substance  is  formed,  which  will  be  discussed  later. 

The  above  substance  is  obtained  in  the  pure  state  by  distillation, 
some  phosphorus  being  added  to  retain  any  excess  of  chlorine  which 
may  be  present.  It  forms  a colourless  liquid  which  boils  at  7 6°,  and 
has  a density  l-6.  The  molar  weight  of  the  vapour  is  138.  Accord- 
ing to  this,  and  in  accordance  with  the  results  of  analysis,  it  has  the 
formula  PC1:J ; it  is  called  phosphorus  trichloride , or,  in  view  of  the 
existence  of  a higher  chloride  of  phosphorus,  phosphorous  chloride. 

Phosphorus  trichloride  reacts  readily  with  water  and  other  sub- 
stances containing  hydrogen  and  oxygen.  The  reaction  thereby  pro- 
ceeds in  such  a way  that  the  chlorine  combines  partially  or  entirely 
with  hydrogen  to  form  hydrogen  chloride,  while  the  oxygen  unites 
with  the  phosphorus  to  form  an  acid,  phosphorous  acid,  which  will 
be  described  later.  In  this  way  phosphorus  trichloride  acts  as  a 
dehydrating  agent,  and  it  is  not  necessary  that  the  water  should  be 
present  as  such,  but  may  be  represented  in  the  compounds  merely  by 
its  elements.  The  reaction  has  nothing  to  do  with  the  “ predisposing 
affinity  (p.  361),  for  as  the  hydrogen  and  the  oxygen  here  experience 
quite  different  fates,  they  need  not  have  previously  stood  in  any  direct 
relation  to  one  another. 

The  above  mentioned  decomposition  is  also  brought  about  by  the 
water  vapour  of  the  air,  and  for  this  reason  phosphorus  trichloride 
fumes  when  its  vapour  comes  in  contact  with  moist  air. 

In  the  formation  of  the  trichloride,  316  kj  are  developed. 

A hen  chlorine  is  allowed  to  act  on  phosphorus  or  on  the  tri- 
chloride it  is  readily  absorbed,  and  there  is  formed  a solid  substance  of 
a pale  yellowish-green  colour,  which  contains  five  combining  weights  of 
chlorine  to  one  combining  weight  of  phosphorus,  and  is  therefore  called 
phosphorus  pentachloride  or  phosphoric  chloride. 

Phosphorus  pentachloride,  PCI.,  does  not  melt  under  the  ordinary 
pressure,  since  its  boiling  point  lies  below  its  melting  point.  Since, 
however,  the  boiling  point  of  all  substances  rapidly  rises  as  the  pressure 
increases,  whereas  the  melting  point  is  affected  to  scarcely  an  appreci- 
able extent  by  pressure  (p.  129),  the  boiling  point  can,  by  increasing 
the  pressure,  be  brought  nearer  and  nearer  to  the  melting  point  and 
finally  reach  it.  In  the  case  of  phosphorus  pentachloride  this  tempera- 
ture is  148°,  and  the  pressure  amounts  to  several  atmospheres. 

nder  these  circumstances,  the  pentachloride  can  simultaneously  exist 
in  the  solid,  liquid,  and  vaporous  states,  just  as,  e.g.,  water  can  at  0° 
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(more  exactly,  at  -I-  0'007  3° ; p.  131).  Under  a still  greater  pressure, 
the  pentachloride  behaves  like  most  other  substances  ; it  first  melts,  j 
and  afterwards  boils  if  the  temperature  is  further  raised. 

In  accordance  with  the  formula  PC15,  the  vapour  of  phosphorus  i - 
pentachloride  should  have  the  molar  weight  208.  The  determination 
of  this,  however,  shows  that  this  value  is  never  reached,  but  that  the 
actual  density  of  the  vapour  is  less.  The  difference  varies,  being  j 
greater  the  higher  the  temperature  and  the  lower  the  pressure.  In  ] 
this  respect,  the  vapour  of  the  pentachloride  behaves  in  a perfectly 
similar  manner  to  the  vapour  of  nitrogen  peroxide  (p.  324). 

Here  also,  it  can  be  assumed  that  the  vapour  is  not  a single  sub- 
stance, but  that  the  pentachloride  in  the  vaporous  state  partially 
dissociates  into  phosphorus  trichloride  and  chlorine,  in  accordance  with 
the  equation  PC15  = PC13  + Cl2.  Such  a mixture  of  trichloride  and 
chlorine  must  have  half  the  density  of  the  vapour  of  the  pentachloride, 
for,  as  the  equation  shows,  one  volume  of  the  vapour  is  converted  into 
two  volumes  of  its  decomposition  products.  The  observed  values  of 
the  molar  weight  lie  between  the  two  limits  208  and  104,  and  from  i 
the  densities  observed  under  given  conditions  the  proportions  of  tri- 
chloride vapour  and  chlorine  which  would  yield  a mixture  of  that 
density  can  be  calculated  (p.  325). 

* Confirmation  of  this  view  can  be  obtained  in  the  following 
manner.  The  vapour  of  the  pentachloride  has  the  yellowish-green 
colour  of  chlorine  oidy  in  a slight  degree.  If,  now,  it  be  ascertained  ; | 
in  what  proportions  chlorine  must  be  mixed  with  any  colourless  gas  in 
order  to  yield  a gas  of  the  same  colour  as  the  pentachloride  vapour, 
it  may  be  concluded  that  the  same  proportion  of  chlorine  is  contained  I 
in  both.  The  determination  made  in  this  Avay  of  the  amount  of  t 
chlorine  in  the  vapour  of  the  pentachloride  agreed  sufficiently  with  the 
value  calculated  from  determinations  of  the  density,  on  the  assumption 
of  a partial  dissociation  into  trichloride  and  chlorine. 

Phosphorus  pentachloride  fumes  strongly  in  the  air  and  has  a i 
powerful  irritant  action  on  the  mucous  membranes,  so  that  care  must 
be  exercised  in  working  with  it.  With  water  it  rapidly  undergoes 
decomposition,  with  formation  of  phosphoric  and  hydrochloric  acids  • 
(vide  infra).  The  pentachloride,  also,  acts  on  many  other  compounds  • 
similarly  to  the  trichloride.  In  this  case,  however,  it  is  chiefly  the 
large  amount  of  chlorine  contained  in  the  compound  which  in  the  first  t 
place  comes  into  action,  and  the  pentachloride  is,  therefore,  an  agent  : 
for  introducing  chlorine  into  other  compounds.  More  especially  does  - 
it  act  on  hydroxyl  compounds  in  such  a way  that  chlorine  takes  the 

place  of  the  hydroxyl;  the  pentachloride  thereby  passes  into  phosphorus 

oxychloride,  a compound  which  will  be  described  later.  _ In  conse- 
quence of  this  reaction  it  is  widely  applied,  especially  m organic 


chemistry. 

The  heat  of  formation  of  phosphorus 


pentachloride  is  440  lj  : in 
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Ithe  conversion  of  the  trichloride  into  the  pentachloride  by  free 
chlorine,  therefore,  a considerable  quantity  of  heat,  viz.,  124  kj,  is 
■ developed. 

The  Other  Halogen  Compounds  of  Phosphorus. — Phosphorus 
unites  with  bromine  to  form  two  compounds  which  are  quite  similar  to 
those  of  chlorine  and  exhibit  corresponding  reactions.  Phosphorus  tri- 
bromide, PBr3,  is  a liquid  which  boils  at  175u,  and  phosphorus  penta- 
bromide  is  a yellow-brown  solid  whose  vapour  contains  free  bromine. 

Such  a great  similarity  to  the  chlorine  compounds  is,  however,  not 
shown  by  the  iodine  compounds  of  phosphorus.  Phosphorus  triiodide, 
PI8,  is  a red,  crystalline  substance  which  is  formed  from  its  elements 
with  slight  evolution  of  heat.  A phosphorus  pentaiodide  is  not 
known.  There  exists,  however,  a well- characterised  subiodide  of 
phosphorus  which,  in  accordance  with  its  composition  and  vapour 
density,  has  the  formula  P.,I4,  and  is  also  a red,  crystalline  substance. 
This  iodide  can  also  be  obtained  by  the  direct  union  of  the  elements, 
which  takes  place  with  slight  rise  of  temperature.  It  is  better  to  dis- 
solve both  in  a common  solvent,  e.g.  carbon  disulphide,  whereby 
combination  takes  place  immediately,  and  then  to  distil  oft'  the  solvent 
with  exclusion  of  moisture.  The  compound  is  -thus  obtained  in  pure, 
fine  red  crystals. 

Both  compounds  are  decomposed  by  water  into  oxyacids  of  phos- 
phorus and  hydriodic  acid,  and  serve,  therefore,  for  the  preparation  of 
the  latter  (p.  233).  If  a small  amount  of  water  and  a comparatively 
high  temperature  are  employed,  a portion  of  the  phosphorus  also  com- 
bines with  the  hydrogen  of  the  water,  and  phosphonium  iodide  is 
formed  (p.  356). 

Only  one  compound  of  phosphorus  with  fluorine  is  known ; this 
has  the  formula  PF5.  This  is  a gas  which  is  rapidly  decomposed  by 
water,  and  which  at  medium  temperatures  passes  into  a liquid  only 
under  a high  pressure. 

The  heat  of  formation  of  phosphorus  tribromide  is  187  kj,  that 
of  the  pentabromide,  247  kj  ■ that  of  phosphorus  diiodide,  P0T„ 
- is  82  kj.  ’ 

Oxygen  Compounds  of  Phosphorus.  — Similarly  to  most  of 
■ the  elements  hitherto  discussed,  phosphorus  forms  with  oxygen  and 
hydrogen  a number  of  acids  which  differ  from  one  another  by  contain- 
ing different  amounts  of  the  former.  These  compotmds,  however,  differ 
from  the  previous  ones  in  the  fact  that  they  are  in  general  polybasic, 
i.e.  contain  several  combining  weights  of  hydrogen  replaceable  by 
metals. 

The  most  important  of  these  compounds  is  phosphoric  acid.  This 
name  embraces  several  acids,  all  of  which  can  be  regarded  as  hydrates  of 
the  same  anhydride,  P205,  phosphorus  pentoxide,  but  which  differ  from 
one  another  in  the  different  proportions  of  water  and  anhydride. 

' buch  differences  have  already  been  met  with  in  the  ease  of  sulphuric 
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acid  and  sulphurous  acid;  they  could,  however,  be  detected  only  in  the  | 
case  of  the  salts,  and  disappeared  in  the  solutions  of  the  free  acids.  In 
the  case  of  the  phosphoric  acids,  the  differences  remain  for  a measurable 
period  of  time  even  in  aqueous  solution,  and  furnish  evidence  for  the.  i 
propriety  of  the  view  expressed  in  the  previous  cases. 

Phosphorus  Pentoxide. — This  substance,  which  is  produced  in 
the  rapid  combustion  of  phosphorus  in  the  air  or  oxygen,  we  have, 
already  repeatedly  met  with.  It  can  be  obtained  in  any  desired  d 
amount  by  means  of  the  apparatus  shown  in  Fig.  96.  A is  a cylinder- 

of  sheet-iron  through  which,  by  means  - 
of  the  side  tubes  a and  b , a current  of. 
air  dried  with  sulphuric  acid  is  passed,  hi 
Within  the  cylinder  there  hangs  a dish  in 
which  burning  phosphorus  is  placed  at  l 
the  commencement  of  the  experiment. 
When  this  has  burned  away,  it  is  only, 
necessary  to  throw  in  small  pieces  of  t 
phosphorus  through  the  short  tube  c > 
in  the  warm  dish  the  phosphorus  takes  > 
fire  spontaneously.  The  phosphorus  - 
pentoxide  produced  forms  a loose,  snow- 
like  mass  which,  after  opening  the  lower 
tube  d,  can  be  shaken  down  into  a dry  r 
vessel. 

Phosphorus  pentoxide  has  the  com- 
position represented  by  the  formula 
and  is  the  highest  known  oxide  of  phosphorus.  It  is  a white. 
mil„,  which  sublimes  at  a low  red  heat.  W hen  obtained  by  the  > 
combustion  of  phosphorus,  it  is  not  quite  pure  ; apart  from  traces  of 
water,  which  it  has  generally  attracted,  it  usually  contains  some  phos- 
phorus trioxide  in  consequence  of  incomplete  combustion.  It  can  be 
purified  by  sublimation  in  a current  of  dry  oxygen. 

The  most  striking  property  of  the  pentoxide  is  its  great  tendency  J 
to  absorb  water.  It  rapidly  becomes  liquid  in  the  air  ; if  thrown  into" 
water,  it  combines  with  the  latter  with  a hissing  sound  in  consequence  • 
of  the  strong  development  of  heat.  The  pressure  of  the  aqueous  - 
vapour  from  the  resulting  compound  is  exceedingly  small,  so  that 
phosphorus  pentoxide  is  the  most  effective  desiccating  agent  known. 
It  is  used  in  all  cases  where  it  is  desired  to  withdraw  the  last  remov- 
able traces  of  water  vapour.  If  it  is  to  be  used  for  drying  gases,  it  is  ' 
well  to  absorb  most  of  the  water  vapour  by  means  of  an  ordinary  f 
desiccating  agent,  e.g.  sulphuric  acid,  and  to  use  the  pentoxide  only 

for  the  final  drying.  . , , 

Besides  being  employed  for  absorbing  existing  water,  phosphorus 

pentoxide  is  used  to  bring  about  reactions  which  take  place  with 
elimination  of  water.  An  example  of  this  has  already  been  cited  m 
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discussing  nitrogen  pontoxide  (p.  322).  Such  reactions  were  formerly 
,'iscribed  to  a peculiar  kind  of  chemical  affinity,  the  predisposing  affinity. 
It  was  assumed  that  a substance  which  has  a great  affinity  to  a definite 
compound  can  bring  about  the  formation  of  this  compound  from  its 
elements.  Such  a view,  however,  contains  the  assumption  that  the 
affinity  to  a substance,  which  is  as  yet  quite  absent,  brings  about  the 
reaction  which  leads  to  its  formation,  i.e.  an  assumption  that  an  action 
proceeds  from  a thing  which  is  not  present. 

The  proper  manner  of  regarding  this  and  similar  reactions,  is  to  be 
sought  in  the  law  of  mass  action.  Nitric  acid  is  decomposed  in  a very 
; slight  degree  into  water  and  anhydride1;  if  phosphorus  pentoxide  is 
added,  the  water  is  converted  into  another  compound,  and  fresh  acid 
must  decompose  into  water  and  pentoxide,  in  order  that  equilibrium 
may  be  again  established.  This  jirocess  is  repeated  until  one  of  the 
participating  substances  is  exhausted,  or  until  a chemical  equilibrium 
■ is  established  between  the  new  substances. 

* The  assumption  here  made  that  those  substances  whose  forma- 
tion from  given  substances  as  a result  of  known  reactions  is  possible, 
are  in  reality  present,  although  frequently  in  immeasurably  small 
amount,  is  no  arbitrary  assumption,  made  to  “ explain  ” otherwise 
unexplained  phenomena,  but  it  is  demanded  by  the  laws  of  thermo- 
dynamics, which  is  one  of  the  best  founded  general  postulates.  The 
proof  of  this,  certainly,  cannot  be  given  here. 

The  Phosphoric  Acids.  — In  accordance  with  the  following 
equations,  phosphorus  pentoxide  unites  with  water  to  yield  three 
(different  acids — 

P905+  H„0  = 2HP03 
P2Os  + 2H90  = H4P2CL 


Po05  + 3H20  = 2H3P04. 

The  first  acid  is  monobasic,  and  is  called  metaphosphoric  acid;  the 
(Second  is  tetrabasic,  and  is  called  pyrophosphoric  acid;  and  the  third, 
{finally,  is  tribasic,  and  is  called  orthophosplioric  acid,  or  ordinary  phos- 
phoric acid.  When  phosphoric  acid  is  spoken  of  without  any  prefix, 
orthophosplioric  acid  is  always  meant. 

Of  the  three  acids,  the  last  is  by  far  the  most  important.  In 
mture,  compounds  of  it  alone  are  found,  and  the  other  acids  pass  spon- 
aneously,  in  aqueous  solution,  into  the  orthophosplioric  acid,  just  as 
ie  ( ifferent  forms  of  sulphur  at  the  ordinary  temperature  all  pass 
1-  utimately  into  rhombic  sulphur  as  being  the  most  stable  form. 

I -j  -thophosphoric  acid  is  obtained  by  dissolving  phosphorus  pent- 
Ipxiae  in  water  and  allowing  the  solution  to  stand  for  a length  of  time, 

e.igent' bv  wwX  nTtrti0“  ha'Vlot,yet  b,eeu  experimentally  proved,  since  there  is  no- 
«uf  0 • snlnhur  , f i Pent°xide  can  be  detected  in  presence  of  nitric  acid.  In  the 
olatilitv  an d the  1 ’ L°W,eVer-  the  anhydride  of  which  can  be  recognised  by  its 

f Wed(p  287)  COrreSP°ndlng  famu«  iu  the  air>  «>e  decomposition  can  be  easily 
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preferably  in  the  heat.  The  least  stable  form,  metaphosphoric  acid,  if  ( 
first  formed,  and  this  gradually  passes  into  the  stable  form.  The  ack  : 
is  obtained  more  conveniently  by  oxidising  white  phosphorus  with 
dilute  nitric  acid.  'The  phosphorus  dissolves  with  evolution  of  nitrk;, 
oxide  ; the  phosphoric  acid  which  is  formed  can  be  readily  freed  from 
the  excess  of  nitric  acid  and  its  reduction  products,  by  strongly  con  a 
centrating  and  heating. 

Orthophosphoric  acid  is  obtained  in  this  way  as  a viscous  liquid 
which  crystallises  only  slowly  and  with  difficulty.  The  melting  poin 
of  the  pure  acid  is  42° ; the  melting  point  is  lowered  by  the  presence, 
of  water,  and  likewise,  also,  by  the  presence  of  the  less  hydrated  acids > 
This  is  due  to  the  general  fact  that  the  melting  point  of  every  sub 
stance  is  lowered  by  the  presence  of  a foreign  substance. 

Impure  phosphoric  acid  is  obtained  from  bone-ash.  The  bones  o . 
the  mammals  consist  partly  of  the  calcium  salt  of  orthophosphoric  ack.. 
and  partly  of  organic  nitrogeneous  matter  which,  on  heating  with  water- 
passes  into  glue.  If  the  bones  are  heated  in  the  air,  they  first  becoxnt 
black  owing  to  the  carbonisation  of  the  organic  substances , on  con. 
tinuing  the  heating,  the  charcoal  burns  and  the  calcium  phosphate  i:  i 
left  in  the  form  of  white  masses  retaining  the  outward  form  of  the 
bones.  This  residue  is  called  bone-ash. 

If  powdered  bone-ash  is  mixed  with  dilute  sulphuric  acid,  therej 
occurs  a reaction  of  the  kind  described  on  p.  290.  Calcium  sulphate  ii| 
a difficultly  soluble  salt,  and  for  this  reason  it  is  formed  from  the  sulJ 
phuric  acid  and  calcium  phosphate,  and  phosphoric  acid  is  formed  a 
the  same  time.  On  filtering  the  mass,  the  acpieous  solution  of  phosj 
phoric  acid  which  is  formed  is  separated  from  the  precipitate  of  calciumi 
sulphate. 

Since,  however,  this  salt  is  not  over -difficultly  soluble,  a certan. 
amount  of  it  remains  in  the  solution.  Since,  also,  bone-ash  is  not  pure 
calcium  phosphate,  and  some  of  the  impurities  also  form  soluble  com: 
pounds  under  the  action  of  sulphuric  acid,  the  phosphoric  acic 
obtained  in  this  way  is  not  pure,  although  pure  enough  for  many. 


technical  purposes.  . , , , 

As  can  be  gathered  from  this  description,  phosphoric  acid  is  soluble 

in  water.  Indeed,  it  is  so  soluble  that  its  solubility  has  hitherto  never 
been  determined.  Even  small  amounts  of  water  lower  the  melting 
point  of  phosphoric  acid  below  room  temperature,  and  thus  convert  l 
into  a solution  which,  certainly,  contains  only  a small  quantity  of  CM 

solvent,  i.e.  of  water.  _ • 

The  aqueous  solution  reacts  acid  to  litmus,  and  has  a pure 

pleasantly  acid  taste.  Its  electrical  conductivity  is  cQmparatrJffl 
slight;  one  mole  of  phosphoric  acid  dissolved  m 10  litres  of  ™ • J 
contains  only  a quarter  as  much  hydrion  as  an  equally  dilute  hy 

chloric  acid  solution.  , , .w 

Phosphoric  acid,  is  a tribasic  acid  and  can  therefore  form  tn  j 
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series  of  salts  in  which  one,  two,  or  three  combining  weights  of  hydro- 
gen are  replaced  by  metals.  Since  there  are  two  different  acid  salts  and 
•one  normal  salt,  these  are  distinguished  by  stating  in  Greek  numerals 
how  many  combining  weights  of  hydrogen  are  replaced.  Thus,  mono- 
potassium phosphate  is  the  salt  KH,P04,  disodium  phosphate  is 
Xa.,HP04,  and  tri-silver  phosphate  is  Ag.,P04.  In  nature,  only  salts 
of  the  last  type,  or  normal  salts,  occur. 

On  attempting  to  neutralise  an  aqueous  solution  of  phosphoric  acid 
with  caustic  soda  with  the  aid  of  litmus,  no  sharp  transition  is  obtained. 
Instead  of  the  three  combining  weights  of  caustic  soda  which  would  be 
required  for  the  formation  of  the  normal  salt  according  to  the  equation 
H3P04  + 3NaOH  = Na3P04  + 3H20,  less  than  two  are  required  to  pro- 
duce an  alkaline  reaction,  and  the  blue  coloration  of  litmus  appears 
gradually,  so  that  no  definite  moment  can  be  given  at  which  the  liquid 
reacts  neutral.  Also,  the  amount  of  caustic  soda  depends  on  the 
lilution ; the  more  dilute  the  solution,  the  sooner  does  the  blue  colour 
ippear. 

The  cause  of  these  phenomena  is  the  difference  in  the  dissociation 
Ipf  the  three  hydrogens  of  phosphoric  acid.  The  dissociation  H3P04  = 

>?  H'  + H2P04'  occurs  comparatively  easily  and  in  measurable  amount. 
fh6  further  dissociation  H2P04'  = II'  + HP04"  takes  place  only  in  very 

f slight  degree,  and  the  third  dissociation,  HP04"  = H'  + PO/",  is  ex- 
seedingly  slight.  When,  therefore,  a normal  salt,  e.g.  the  solution 
salt  Na3P04,  is  dissolved  in  water,  the  corresponding  ion  PC),'"  cannot 
■.ixist,  but  acts  on  the  water  of  the  solvent  in  the  sense  of  the  equation 
pO/"  + H20  = HP04"  + OH'.  Hydroxidion  is  produced,  and  the  liquid 
nust,  therefore,  react  alkaline.  In  other  words,  we  have  here  again 
, case  of  hydrolysis  (p.  247). 

I The  divalent  ion,  HP04",  also  experiences  in  slight  degree  a 
iimilar  transformation  in  aqueous  solution,  HP04"  + Ho0  = H.,POt' + 
OH , so  that  the  disodium  phosphate  also  undergoes  slight  hydrolysis, 
.nd  therefore  exhibits  a feeble  alkaline  reaction.  This  is,  hoAvever, 
■nuch  feebler  than  in  the  case  of  the  normal  salt. 

Since  these  different  equilibria  exist  side  by  side,  and  are  also 
> ependent  on  the  temperature  and  the  dilution,  it  is  clear  that  on 
Eieutralisation  the  hydrion  does  not  suddenly  disappear,  as  in  the  case 
:ilf  strong  acids,  but  its  amount  diminishes  gradually  and  continuously. 

or  this  reason,  no  sudden  but  only  a continuous  change  of  colour 
Recurs  when  litmus  is  present. 

The  heat  of  formation  of  the  trivalent  phosphanion  P04"',  amounts 
8b  1246  lcjr;  that  of  the  divalent  hydrophosphanion,  P04H",  1277  kj. 

Pyrophosphoric  Acid.  — If  orthophosphoric  acid  is  carefulty 
|eated  to  250  , it  loses  water  and  is  converted  into  pyrophosphoric 

!C1  ’ This  process  takes  place  in  accordance  with  the 

liquation 

2H3P04  = H4P207  + H.,0. 
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A sure  means  of  obtaining  pure  pyro phosphoric  acid  is  to  her  j 
such  salts  of  orthophosphoric  acid  as  contain  just  enough  hydrogen  t v 
yield  a residue  of  pyrophosphate.  This  happens  in  the  case  of  tin 
salts  in  which  two  hydrogens  are  replaced  by  metal,  e.g.  ordinary  dd 
sodium  phosphate.  If  this  salt  is  heated,  the  following  reaction  take 
place — 

2 HN  a2P04  = N a4P207  + Hp. 

The  free  pyrophosphoric  acid  can  be  obtained  in  aqueous  solutio  i 
from  the  pyrophosphate  thus  formed,  by  converting  the  latter  into  tha 
difficultly  soluble  lead  salt  and  decomposing  this  with  sulphuretted 
hydrogen. 

Unlike  pyrosulphuric  and  pyrosulphurous  acids  (pp.  291  and  282*1 
pyrophosphoric  acid  retains  its  state  in  aqueous  solution  for  a tinv 
and  changes  only  slowly  into  orthophosphoric  acid.  The  latter  reprt 
sents  the  stable  state  to  which  the  aqueous  solution  of  the  acid  unde-; 
all  circumstances  approaches.  The  velocity  with  which  this  condition 
of  equilibrium  is  reached,  depends  on  the  temperature  and  the  cot  1 
centration  of  the  hydrion  in  the  solution  ; the  latter  accelerates  th? 
transformation  catalytically.  For  this  reason,  the  transformation 
takes  place  much  more  quickly  if  nitric  acid  is  added  to  the  solutio: 
and  the  concentration  of  the  hydrion  thereby  increased. 

Apart  from  the  composition  of  the  salts,  pyrophosphoric  acid  is  di; 
tinguished  by  various  reactions  from  the  ortho-acid.  As  is  apparera 
from  the  formula,  it  is  tetrabasic,  and  forms,  accordingly,  four  series  ( 
salts.  The  neutral  or  normal  salts  contain  two  combining  weights  ( 
a monovalent  metal  or  monovalent  cation  to  one  combining  weight  ( 
phosphorus,  whereas  normal  salts  of  orthophosphoric  acid  contain  thre 
combining  weights  of  a monovalent  cation  to  one  of  phosphorus. 

To  distinguish  the  two  acids,  silver  nitrate  is  added , to  the  soli 
tion.  If  orthophosphoric  acid,  or  generally,  the  ion  P04  , be  presen 
a yellow  silver  salt  of  the  composition  Ag3P04  is  precipitated ; pyret 
phosphates,  or  the  ion  P207"",  yield,  on  the  other  hand,  a whit; 
precipitate  of  the  composition  Ag4P2Or  By  means  of  this  reaction 
also,  one  can  observe  the  slow  transformation  of  a solution  of  pyre 
phosphoric  into  orthophosphoric  acid. 

Metaphosphoric  Acid.— On  heating  orthophosphoric  acid  mor 
strongly,  it  passes  into  metaphosphoric  acid,  which  analysis  shows  to  hav 
the  composition  HP03.  Its  composition  is,  however,  not  represente 
by  the  simple  formula  but  by  a multiple  formula  (HP03),„  where  n i 
a" whole  number.  There  are  various  metaphosphoric  acids  which  ar.'j 
probably  distinguished  from  one  another  by  the  difference  in  tbe™aj 
of  n j the  chemistry  of  these  compounds,  however,  has  as  yet  beev 

cleared  up  only  to  a rather  small  extent. 

Metaphosphoric  acid  obtained  in  the  above  manner  forms  a gi  -] 
like  mass  which,  at  a moderately  high  temperature,  melts  to  a viscoui 
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iquid,  and,  on  cooling,  forms  an  amorphous  solid.  The  “glacial” 
jnhosphoric  acid  of  commerce  is  metaphosphoric  acid.  It  dissolves  in 
water,  yielding  an  acid  liquid  whose  reactions  are  different  from  those 
of  the  other  phosphoric  acids.  It  gives,  indeed,  like  pyrophosphoric 
icid,  a white  silver  salt,  but  has  the  further  property  of  precipitating 
dbumen,  a property  which  is  not  possessed  by  the  other  phosphoric 
cids.  A solution  of  metaphosphoric  acid  is  used,  therefore,  to  detect 
lie  presence  of  albumen,  e.g.  in  urine.  For  this  purpose,  the  solution 
.f  the  acid  must  be  freshly  prepared  since,  on  keeping,  it  is  slowly  con- 
erted  into  orthophosphoric  acid. 

For  this  transformation,  the  same  general  remarks  hold  as  were 
lade  for  the  corresponding  transformation  of  pyrophosphoric  acid, 
’yrophosphoric  acid  has,  however,  not  been  detected  as  an  intermediate 
product,  although,  on  theoretical  grounds,  it  is  probable  that  it  is 
ideed  formed. 


Also  when  phosphorus  pentoxide  is  dissolved  in  water,  metaphos- 
horic  acid  is  formed  as  the  first  product,  and  not  the  form  which  is 
'lost  stable  under  these  circumstances,  viz.,  orthophosphoric  acid,  in 
fccordance  with  the  general  law  of  the  first  appearance  of  the  less 
liable  forms. 

Chlorides  of  Phosphoric  Acid.— If  orthophosphoric  acid  were 
ipable  of  further  taking  up  one  combining  weight  of  water,  a penta- 
ne acid  would  be  produced  : H3P04  + H20  = H.PO.  or  P(OH)..  If 
le  imagine  all  the  hydroxyls  of  this  acid'to  be  replaced  by  chlorine, 
je  obtain  PC15,  the  phosphorus  pentachloride  already  described.  As 
matter,  of  fact,  the  chloride,  when  decomposed  Avith  water,  yields 
losphoric  acid  along  with  hydrochloric  acid  : PCI.  + 4H,0  = H PO  + 

LTpi  0 2 3 4 


Besides  this  chloride,  there  is  also  known  the  chloride  of  ortho- 
lospkoric  acid,  if  the  formula  of  this  is  written  PO(OH)..  This 
Joride  has  the  composition  POCl3,  and  is  usually  called  phosphorus 
rychloride. 

. Phosphorus  oxychloride  is  a colourless  liquid,  which  has  the  density 
68,  and  which  boils  at  107°  and  fumes  in  the  air.  It  is  violently 
gompos^ed  ^y  water  to  ^hydrochloric  and  orthophosphoric  acids: 

The  compound  is  prepared  by  the  action  of  small  amounts  of 
iter  on  the  pentachloride  : PC15  + H,0  = POCl3  + 2HC1.  In  place 
5 water,  numerous  other  compounds  can  be  used  in  which  oxygen 
t hydrogen  are  present.  If  such  a compound  is  represented  &by 
e ornnik  R . OH  the  reaction  takes  place  according  to  the  equation 
: ; OH  + PC15 -B.CU  POC1,  + HC1.  In  the  ease  of  hydroxyl  com- 
guncls,  this  reaction  occurs  so  readily  and  regularly  that  it  is  used  to 
e™llne  whether  hydroxyl  should  be  assumed  in  any  given  com- 
S”  not-  . Tn  organic  chemistry,  especially,  phosphorus  penta- 
' oncle  ls  used  m this  way  as  a reagent  for  hydroxyl. 
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As  nil  example  of  this  action,  it  may  be  cited  that  sulphuric  aci 
on  being  treated  with  phosphorus  pentachloridc,  yields  chlorosulphoni  i 
acid  or  sulphuryl  chloride  (p.  302),  according  to  the  proportioDtj 
used.  The  reactions  take  place  in  accordance  with  the  equation  i 
SO.,(OH)2  + PCI,  = H0S02C1  + HC1  + POCl;j  and  H2S04  + 2PC15  A 
S02C12+ 2POCI3+ 2HC1. 

Similarly,  nitryl  chloride  is  formed  by  the  action  of  the  pent; 
chloride  on  nitric  acid  : N020H  + PCI,  = N02C1  + IiCl  + T OCl3. 

Another  preparation  of  phosphorus  oxychloride  is  from  phosphoru 
pentachloricle  and  pentoxide.  It  takes  place  according  to  the  equation 
P.,0,  + 3 PCI,  = 5POC1,,  if  the  two  substances  are  mixed  in  the  prope 
proportions  and  heated  in  a sealed  tube. 

* The  method  of  allowing  substances  to  act  on  one  another  i 
sealed  glass  tubes  is  employed  when  it  is  desired  to  use  a fail  ly  hig  ~ 
temperature  above  the  boiling  point  of  one  of  the  reacting  substance* 
under  atmospheric  pressure.  The  necessity  for  a higher  temperature 
occurs  when  the  reaction  does  not  proceed  quickly  enough  at  lowe . 
temperatures.  Even  in  the  case  of  substances  sealed  up  in  glass  tube* 
which  must  be  made  of  strong  glass  and  carefully  sealed  off,  th 
volatile  substance,  it  is  true,  will  partially  vaporise;  the  pressure  1 
the  interior  of  the  tube,  however,  thereby  rises,  and  with  it  also  th 
boiling  point,  so  that  the  greater  part  of  the  substance  does  not  pas 

into  vapour.  . ... 

* The  pressure  hereby  produced  has,  111  general,  only  a sligh 

influence  on  the  chemical  reaction;  the  essential  point  is  the  possibility 
of  raising  the  temperature  without  the  substance  evaporating. 

The  heat  of  formation  of  phosphorus  oxychloride  is  611  kj. 

Phosphorous  Acid.— When  phosphorus  trichloride  is  decompose 
with  water,  there  is  formed  the  compound  P03H3,  which  has  acr 
properties  and  is  called  phosphorous  acid. 

The  reaction  which  leads  to  the  formation  of  phosphorous  acid  1 

represented  by  the  equation  PCI,  + 3H  0 = P(OH)s  + 3HG1  It  take 
place  with  great  rise  of  temperature,  and  this  can  easily  eftect  a fuithe 
decomposition  of  the  phosphorous  acid.  It  is,  therefore,  expedient  t 
use  concentrated  hydrochloric  acid  in  place  o pure  water.  TO 
hydrogen  chloride  formed  will  then  not  be  dissolved  but  mil  escap 
as  a gas,  and  the  heat  of  reaction  will  thereby  be  diminished 1 y tb.. 
amount  of  the  heat  of  solution  of  hydrogen  chloride.  The  lesiiltmi 
acid  liquid  is  freed  from  the  excess  of  hydrochloric  acid  by  evapomti 
on  the  water-bath,  and  the  pure  phosphorous  acid,  melting  at  i4j 

crystallises  out  from  the  liquid  on  cooling.  . 

Since  phosphorous  acid  contains  one  combining  weight  less  oxyg 
than  phosphoric  acid,  it  ban,  by  taking  up  oxygen,  pass  into  the 
tt then  acts  as  a reducing  agent.  On  being  boded  , . i acts  n,  hpwa 
mi  itself  whereby  a portion  is  reduced  to  hjdiogei  I P 
4H.PO.  = 3II.jP04  + PH3.  We  have  here  assumed  the  formatio 


XV 


PHOSPHOEUS 


367 


orthopliosphoric  acid ; as  a matter  of  fact,  this  simultaneously  loses 
water  and  passes  into  metaphosphoric  acid.  The  corresponding  change 
in  the  equation  can  be  easily  made.  The  hydrogen  phosphide  which 
is  formed  takes  fire  at  the  temperature  of  decomposition,  and  burns 
with  a greenish  flame. 

Phosphorous  acid  also  behaves  as  a reducing  agent  in  aqueous 
solution,  and  withdraws  oxygen  and  halogen  from  many  substances. 
Thus,  the  silver  and  mercury  salts,  more  especially,  are  reduced 
to  the  metals,  which  are  precipitated  from  the  solution.  This 
reaction  is  used  more  especially  for  the  detection  of  dissolved 
* mercury  compounds. 

In  neutralising  phosphorous  acid  with  the  aid  of  litmus  or  any 
)ther  indicator,  no  sharp  transition  is  obtained.  The  liquid  becomes 
due  before  the  second  equivalent  of  caustic  soda  or  potash  has  been 
idded,  so  that,  at  most,  only  two  combining  weights  of  hydrogen  of 
he  acid  can  be  replaced  by  metals  in  aqueous  solution,  and  even  in 
he  solid  state,  no  salts  of  phosphorous  acid  are  known  in  which  more 
han  two  combining  weights  of  hydrogen  are  replaced.  Phosphorous 
eid  is,  therefore,  regarded  as  a dibasic  acid,  and  its  formula  written 

h2po3h. 

* This  behaviour  can  be  expressed  by  assuming  that  the  two- 
;eplaceable  hydrogens  are  joined  to  oxygen  to  form  hydroxide, 
diereas  the  third  is  united  directly  to  phosphorus.  This  would 

OH 

"ive  formula  OP  OH.  According  to  this,  phosphorous  acid 

rould  be  a derivative  of  phosphoric  acid,  in  which  one  hydroxyl 
i replaced  by  hydrogen.  J 

r The  circumstance,  however,  that  phosphorous  acid  is  formed 
mte  smoothly  by  the  action  of  water  on  phosphorus  trichloride 
)eaks  against  this.  The  formation  of  the  acid  by  water  is  a 
/pical  reaction  of  the  acid  chlorides ; these,  on  the  other  hand 
•e  derivatives  of  the  acids  formed  by  the  replacement  of  hydroxyl 
l cdorme.  According  to  these  reactions,  phosphorus  trichloride 
uaht  to  be  the  chloride  of  phosphorous  acid,  and  this  ought,  there- 
1 e,  to  have  the  formula  P(OH)3. 

* These  contradictory  views  are  not  irreconcilable.  It  is  not 
pcessary  that  all  the  hydrogen  which  is  present  in  hydroxyl  should 

i eplaceable  by  metals.  According  to  what  was  said  on  p 268  the 

°f  “ pdybasi°  acid  must  take  place  with  greater 
fhculty  with  each  successive  step.  We  have  here  a case  where  the 

”„I»C  ge  '.S  S,°  ' t0  attain  that>  ™der  normal  conditions  no 

-placement  of  the  third  hydrogen  by  metals  occurs,  and  the  formula 

L2Z„ie  ,r  6 WeT  re“nciledwith  the  dibasic  nature  of  phos- 

jn  also  ire  tritten  H^OH).10  eXpreSSi°n  *°  this>  the  f»™ula 
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* The  foregoing  discussion  furnishes  an  example  of  how  attempts 
are  made  to  express  the  so-called  “constitution”  of  a compound  by,  I 
the  way  in  which  the  formula  is  written.  By  this  is  meant  that  the  I 
formula  is  written  in  such  a way  as  to  give  expression  to  the  most- 
important  reactions  of  the  substance  in  question,  so  that  these  can  be* 
■easily  read  out  of  the  formula. 

* The  means  adopted  for  this  consists  in  writing  those  elements- 
which  are  often  eliminated  together  in  such  a way  that  they  appear  j 
side  by  side  in  the  formula ; they  are  sometimes  still  further  separated: 
from  the  other  elements  by  means  of  a bracket  or  a dot. 

* Such  a separation  can,  for  example,  be  very  well  carried  out  in 
the  case  of  salts  in  respect  of  the  two  ions,  and  the  formula  of:! 
ammonium  nitrate  is,  therefore,  not  written  N2H403,  which  represents 
the  total  composition,  but  in  the  form  NH4  . N03,  to  show  that  the* 
salt  when  dissolved  in  water  dissociates  into  the  ions  NH4  and  N03. 

* In  the  case  of  the  polybasic  acids,  which  can  form  several  ions,-, 
this  separation  causes  some  difficulty.  In  such  cases  it  is  carried  out! 
in  such  a way  that  all  the  hydrogen  which  could  form  hydrion  if  the- 
dissociation  were  complete,  is  separated;  thus,  phosphoric  acid  is- 


written  HoP04;  in  this  way  all  the  three  hydrogens  are  made  to 
appear  as  ions,  although,  in  aqueous  solution  the  third  hydrogen  is 
dissociated  only  to  a very  slight  extent.  In  the  case  of  phosphorous 
acid  only  two  hydrogens  are  regarded  as  ions,  although  we  are 
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relations,  the  laws  of  which  depend  on  many  more  variables  than  are 
expressed  in  the  chemical  formula.  The  task  consists,  indeed,  of 
giving  a summary  of  all  the  transformations  which  one  substance  can 
undergo  with  others ; these  transformations,  also,  so  far  as  their 
result  is  concerned,  are  not  quite  definite,  but  depend  to  a large  extent 
on  external  conditions,  such  as  temperature  and  pressure  or  concen- 
tration. All  these  diversities  cannot,  of  course,  be  represented  by  the 
simple  means  of  the  relative  arrangements  of  the  elementary  symbols, 
e\en  with  the  assistance  of  space,  and  a “constitutional  formula” 
must  therefore  always  remain  one-sided  and  be  limited  to  the  repre- 
sentation of  definite  relations  which  have  a special  importance  from 
their  frequent  occurrence. 

By  the  very  moderate  oxidation  of  phosphorus  in  a slow  current  of 
air,  a white  substance  is  obtained,  which  differs  from  the  phosphorus 
pentoxide  by  its  low  melting  point  (22-5°),  and  its  volatility  (boiling 
point  lr3).  Analysis  shows  it  to  contain  three  combining  weights  of 
oxygen  to  two  of  phosphorus ; determinations  of  the  vapour  density 
however,  give  the  molar  weight  as  220,  and  lead,  therefore,  to  the 
formula  P406.  It  is  the  anhydride  of  phosphorous  acid,  for 

P406  + 6H20  = 4H3P03. 

Hypophosphorous  Acid.-The  formation  of  the  salts  of  this 
acid  from  phosphorus  and  a solution  of  caustic  soda  or  potash  has 
a ready  been  mentioned  under  hydrogen  phosphide  (p.  355)  It  takes 
place  according  to  the  equation 

4P  + 3NaOH  + 3H20  = 3NaP02H„  + PH3, 

' and  the  sal.fc  Produced  is  found  in  the  solution.  For  the  purpose  of 
preparmg  the  acid,  barium  hydroxide  is  used;  this  acts  in  aP  quitef 
similar  way  and  gives  rise  to  a solution  of  barium  hypophosphite 
The  salt  is  obtained  pure  by  evaporation  and  recrystalliStion  and  is 
(.then  decomposed  with  the  requisite  amount  of  sulphuric  acid  ’ From 
he  aqueous  solution,  the  free  acid  is  obtained  bv^refu 1 evauoT 

waLr  a C17St"llme  mass-  which  “dts  0°,  and  is  very  soluble  in 

Hypophosphorous  acid  has  the  composition  H PO  • nf  +1 

irj  1°'  T:°gen’  hrVer’  °"ly  °'le  “ ^e  replaced  V 
written  H.  PO*  “ m°nobaslc'  T<>  indicate  this,  it  may  be 

ohosXtufti^  Mid  is  very  to 

noble  metals  from  their  « ) ' 8 a le  !,clng  agent  which  precipitates 

■e  used6  S°  th!“  n°ne  °f  them 

2 B 
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An  oxygon  compound  of  phosphorus,  which  would  correspond  tr 
the  anhydride  of  this  acid  and  would  have  the  formula  P20,  is  not* 

Hypophosphoric  Acid. — In  the  acid  liquid  which  phosphorus 
yields  on  being  left  exposed  to  moist  air,  there  is  contained,  beside* 
phosphoric  and  phosphorous  acids,  a compound  which  is  intermediate 
between  these  two;  this  is  called  hypophosphoric  acid,  and  has  the 
composition  H4P206.  As  can  be  seen  from  the  formula,  it  is  ' 

tetrabasic  acid.  , . 

The  acid  is  obtained  from  the  above  mixture  by  partly  neutralising 

it  with  caustic  soda  and  allowing  to  stand  ; the  acid  sodium  sail 
Na.  H P.,0  then  slowly  separates  out,  and  this  is  converted  into  thn 
sparingly  soluble  lead  salt  which  can  be  decomposed  by  means  o 

sulphuric  acid  or  sulphuretted  hydrogen.  ....  , 

Hypophosphoric  acid  behaves,  in  general,  similarly  to  phosphorouu 
acid,  but  its  reducing  properties  are  less  pronounced  On  being  heated 
the  free  acid,  like  all  the  lower  acids  of  phosphorus,  passes  mU 
phosphoric  acid,  with  simultaneous  evolution  of  hydrogen  phosphi  e 
which  partly  burns  and  partly  decomposes  into  hydrogen  and  ra 

Ph°  Sulphur  Compounds  of  Phosphorus.— When  white  phosphor™ 
and  sulphur  are  brought  together,  yellowish  liquids  are  obtained  v hic. 
fume  in  the  air  and  are  readily  inflammable.  These  were  for  a Ion, 
time  regarded  as  compounds  of  phosphorus  with  sulphur,  but  it  ha 
been  found  that  they  are  only  solutions  of  the  one  element  in  thi 
other.  Since  the  melting  point  of  every  solid  substance  is  lovere 
the  solution  of  another  substance  in  it,  this  must  also  be  the  case  n 
phosphorus  when  sulphur  is  dissolved  in  it.  The  impression  tha 
chemical  combination  had  taken  place  here,  was  caused  oniy  by  ^ 
fact  that  the  melting  point  of  the  phosphorus,  which,  for  the  pun 
substance,  is  44°,  is  hereby  depressed  to  below  room  tempeiatuie, 

that  the  solutions  comparatively  rich  m sulphur  rem“^  ‘ m 
Compounds  of  the  two  elements,  however,  conesponling  to  th* 
oxygen  compounds  of  phosphorus  are  obtained  by  aUoiving  them^t 
act  on  one  another  at  a moderately  high  temperature.  M ith  whit 
phosphorus  so  much  heat  is  thereby  developed  that  dangerous  expl 
sions  can  occur;  if  red  phosphorus,  which  contains  ^ “fth 
is  employed,  the  heat  development  is  correspondingly  less,  and 

P' °TlmC^^ces  are  mixed  in  the  proportions  corresponding 

zt  Hi  * 
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with  red  phosphorus ; the  pure  compounds  are  yellow,  crystalline 
masses  which  look  like  sulphur,  but  are  paler  in  colour. 


invu  .iwwiv  ixivvj  ou.ijjiiU.lj  UUl  <L1  U JJdlcl  111  LUIOUI  . 

The  compounds  do  not  take  fire  spontaneously  in  the  air ; on 
being  heated,  they  burn  to  sulphur  dioxide  and  phosphorus  pentoxide. 
They  smell  of  sulphuretted  hydrogen,  because  they  are  converted  by 
the  water  vapour  in  the  air  into  this  gas  and  phosphoric  or  phosphorous 
acid  : P2S5  + 8H20  = 2H3P04  + 5H2S.  They  act  similarly  on  com- 
pounds containing  hydroxyl,  and  convert  these  into  the  corresponding 
sulphur  compounds. 

Besides  these  compounds,  there  are  still  two  other  sulphides  of 
phosphorus,  the  composition  of  which  is  represented  by  the  formula) 
l4b3  and  P4S7.  They  can  be  obtained  pure  by  melting  the  two 
elements  together  in  the  proper  proportions  and  distilling  under 
reduced  pressure. 

In  view  of  the  analogous  composition  of  phosphorus  pentasulphide 
■and  the  corresponding  oxide,  it  may  be  asked  if  acids  cannot  be 
derived  from  the  sulphide,  as  can  be  done  in  the  case  of  the  oxide.  It 
is  very  probable  that  there  exists  a whole  series  of  acids  corresponding 
to  the  oxygen  acids  of  phosphorus,  and  containing  sulphur  in  place  ol 
[■oxygen  They  are,  however,  very  slightly  stable,  since  they  are  con- 
verted  by  water  into  the  corresponding  oxygen  compounds,  with 
evolution  of  sulphuretted  hydrogen.  We  shall,  therefore,  not  enter 
nto  a discussion  of  these  compounds,  especially  as  similar  compounds 
only  more  stable  and  better  characterised,  are  met  with  in  the  case 
)f  arsenic,  and  will  be  then  discussed. 

Great  stability,  however,  is  possessed  by  phosphorus  sulplio- 
hlonde,  the  sulphur  compound  corresponding  to  phosphorus  oxy- 
hloride.  This  has  the  composition  PSC13,  and  can  be  obtained  by 
gating  phosphorus  trichloride  with  sulphur.  It  is  also  formed  by 
he  action  of  phosphorus  pentachloride  on  sulphuretted  hydrogen 

T i qUld  iVhidl  b°ils  at  125°’  and  is  decomposed  by 
'atei  with  much  less  violence  than  the  oxychloride.  In  the  decom 

•osjtion  there  are  formed  phosphoric  and  hydrochloric  acids  and 

alphuretted  hydrogen  : PSC13  + 4H20  = H3PO;+ 3HC1  + H S. 

Valency.— The  fact  that  in  sulphuric  acid  two  combining  weights 
f hydrogen  are  present  to  one  combining  weight  of  sulphur  n 

diX^'tS  hSS  Tr  d°ne’  f -Watin/the' ^Tso/Ts 

jOeT and  so  om  ’ am°n  °f  1 add  wiU  be 

0ther  ha"|l1’  besides  the  monovalent  cation  hydrogen 
del  of  .1  mono™lent  catl°ns,  which  each  replace  one  combining 
Bht  of  hydrogen,  there  are  others,  of  which  one  combining  weight 
n toke  the  p lace  of  two  or  three,  or  even  more,  combini™  w™ite 
l T|g  Accordingly,  there  are  mono-  and  polyvalent  cations 

The  question  may  be  asked,  why  are  the  combining  weights'  of 
the  elements  not  determined  in  such  a way  that  onlymolvidenl 
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ions  require  to  be  assumed  ? The  answer  is  that  there  would  thei 
arise  a contradiction  of  the  results  obtained  by  the  determinations  o 
the  molar  weights.  Thus,  calcium  has  been  designated  as  a divalen 
cation,  because  the  amount  of  calcion  in  the  compound  CaCl2  excicise^ 
the  same  influence  on  the  freezing  point  as  the  amount  of  potassio* 

contained  in  the  compound  KC1.  , ■ 

* A second  reason  against  carrying  out  the  formulation  with  onl 
monovalent  ions  is  found  in  the  circumstance  that  there  are  a numbe 
of  ions  (some  of  them  elementary  ions)  Avhich,  while  preserving  th. 
same  composition,  have,  according  to  circumstances,  different  valency 
while  their  molar  weight  remains  the  same.  This  is  the  case,  e.g.,  wit: 
iron,  which  can  form  di-  and  trivalent  ions,  both  of  which  have  th 
same  molar  weight  expressed  by  the  symbol  Fe. 

Starting,  then,  with  any  acid  HnA,  if  n combining  weights  c 
hydrogen  can  be  replaced  by  metals,  the  anion  A will  be  calle 
m-valent.  Likewise,  a cation  of  which,  in  the  displacement  . c 
hydrogen  from  an  acid,  one  combining  weight  replaces  m combinin' 
weights  of  hydrogen,  will  be  called  m-valent.  This  calculate 
depends  on  measuring  the  valency  by  the  unit  of  hydrogen.  Ai 
experience  has  shown,  no  smaller  unit  is  necessary,  for  there  is  n 
anion  of  Avhich  one  normal  Aveight  would  contain  less  than  one  con 
billing  Aveight  of  hydrogen,  and  no  cation  of  Avhich  one  combinm 
weight  Avould  take  the  place  of  less  hydiogen. 

From  this,  it  at  the  same  time  follows  that  the  valency  of  th 
anions  and  the  cations  is  determined  in  such  a Avay  that  in  every  sa. 
both  must  have  the  same  value.  It  is  not  necessary  that  an  ?i-valer 
cation  shall  always  be  united  only  with  an  ^valent  anion  ; it 
sufficient  if  the  sum  of  the  valencies  of  the  cations  is  equal  to  th* 
of  the  anions.  To  bring  this  about,  the  number  of  ions  which  turn 
together  must  vary  with  their  valency.  Thus,  a divalent  catic, 
requires  two  monovalent  anions,  and  if  a trivalent  anion  has 
combine  with  a divalent  cation,  two  combining  weights  of  the  form, 
must  enter  the  salt  with  three  combining  Aveights  of  the  second,  jl 
order  that  the  sums  of  the  two  valencies  shall  be  equal,  viz.,  b.  _ 
Extension  of  the  Conception  of  Valency.— Whereas  m L 
case  of  salts,  the  conception  of  valency  admits  of  no  doubt,  since  it 
possible  by  means  of  Faraday’s  law  (p.  194)  to  control  it  expenmenta 
even  independently  of  chemical  considerations,  no  such  sure  foundatic 
exists  for  the  attempt  which  has  been  made  to  extend  this  concep  ic 
to  non-saline  substances.  Nevertheless,  so  many  regularities  h 
Wll  found  to  exist  even  in  these  departments  of  its  application,  th 
aTo"eerSion  of  then,  will  be  useful  We  shall  at  once = 
that  it  is  in  organic  chemistry  that  these  views  have  teen  j ^ 
profit  This  may  serve  as  an  explanation  why  these  co 
which  play  a comparatively  small  rdle  in  inorganic  chemistry, 

discussed  here. 
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On  comparing  the  composition  of  the  hydrogen  compounds  of  the 
dements  hitherto  described,  we  obtain  the  following  summary  : — 


If  hydrogen  be  again  taken  as  the  standard  by  which  the  com- 
bining power  of  the  different  elements  is  judged,  the  halogens  can  be 
i designated  as  monovalent,  the  elements  of  the  oxygen  group  as 
divalent,  and  those  of  the  nitrogen  group  as  trivalent.  We  shall 
presently  see  that  carbon  and  the  related  elements  can  be  regarded  as 
tetravalent. 

[ ^ we  agfiin  put  forward  the  requirement  that  every  compound 

; shall  be  separable  into  two  parts,  in  which  the  sums  of  the  valencies 
1 present  on  each  side  are  equal,  this  requirement  can  be  tested  in  the 
formulae  of  the  compounds  by  attaching  one  stroke  to  the  symbols  of 
the  monovalent,  two  strokes  to  those  of  "the  divalent,  and  three  strokes 
to  those  of  the  trivalent  elements.  The  above  demand  will  be  fulfilled 
if  the  formula  of  the  compound  can  be  so  written  that  all  the  elemen- 
.tary  symbols  are  united  by  strokes,  and  the  number  of  strokes 
pending  in  each  symbol  agrees  with  the  valency  of  the  element  which  it 


Thus,  the  elements  of  the  halogen  series  will  have  to  be  written 
with  one  stroke:  H— ; Cl— ; Br— ; I—;  F— ; those  of  the  oxygen 
series  with  two  strokes  : —0—  ; — S—  ; — Se—  ; — Te—  ; those 

:of  the  nitrogen  series  with  three  strokes  : N = • P = 

If  we  test  the  compounds  hitherto  described'  from  this  point  of 
view  we  find  that  the  condition,  although  often,  is  still  not  always,  ful- 
Med.  In  the  case  of  the  following  formulae,  certainly,  it  can  be 


Halogens 
Oxygen  group 
Nitrogen  group 


HH,  HF,  HOI,  II Br,  HI. 
H.,0,  II2S,  H„Se,  H.,Te. 

h3n,  h3p. 


denotes. 


‘ lf  sulphur,  selenium,  and  tellurium. 
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On  the  other  hand,  it  is  not  possible  in  the  case  of  the  com- 
pounds 

SCI*  SeCl4,  NH4C1,  PC15,  PF5,  NO,  NO,, 


and  many  others.  . _ ,, 

Various  attempts  have  been  made  to  overcome  these  contradictions, - 
chiefly  by  assuming  that  the  elements  can  have  different  valency. 
Thus,  the  above  sulphur  and  selenium  compounds  can,  evidently,  ben 
referred  to  a tetravalent  sulphur,  and  the  nitrogen  and  phosphorus.! 
compounds,  at  least  partially,  to  a pentavalent  form  of  the  correspond  : J 
ing  elements.  Nitric  oxide  and  nitrogen  peroxide,  however,  would 

require  a di-  or  tetravalent  nitrogen.  _ 1 

That  which  forms  the  basis  of  these  considerations,  is  the  fact! 
that  the  different  compounds  of  a given  element  can  be  arrangedd 
in  groups  which  are  more  closely  related  to  one  another,  i.e.  which! 
can  be  easily  converted  into  one  another  and  give,  under  similanJ 
conditions,  similar  reactions.  The  number  of  these  groups  or  types  is. 
different  in  the  case  of  the  different  elements ; whereas  some,  e.g.  car -t 
bon,  have  only  a few  groups  with  a very  large  number  of  members,  mj 
the  case  of  others  the  number  of  the  groups  is  large  but  that  ol  the! 
representatives  in  each  group  small.  By  fixing  these  groups  or  tvpe&j 
in  one’s  memory,  a clearer  view  of  the  existing  diversities  can,  in  anp. 
case,  be  obtained  than  by  merely  writing  these  down  in  a list. 

For  the  present,  the  following  groups  may  be  noticed  : 

Hydrogen  is  monovalent,  oxygen  is  divalent. 

The  halogens  are  monovalent  in  the  hydrogen  acids  and  m the| 
salts  derived  from  these.  Further,  there  are  characterised  the  tn- , 
penta-,  and  heptavalent  types  of  the  oxyacids,  of  which  the  mi  «i  . 
is  the  most  important,  and  which  are  expressed  in  the  following 

formulae  : — 


CL 


/ 


0 


o 


C1=0 


/O 

/=0 

01=0 


V0H 


OH 


OH 


The  elements  of  the  sulphur  group  are  divalent  in  the  ! 
acids  and  the  corresponding  salts.  Further,  a tetra-  and  a hex^n 
type  can  be  recognised,  the  representatives  of  which  are  sulplnirou 
and  sulphuric  acids,  or  their  anhydrides— 


s 


o 


o 


s 


o 


S 
s=o 

^0 
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Nitrogen  and  phosphorus  (along  with  the  related  elements  to  be 
treated  later)  are  chiefly  tri-  and  pentavalent.  Types : ammonia  and 
nitric  acid — 


/H 

N— H 

Ns 


✓° 

N=0 


OH 


For  certain  purposes,  which  will  come  into  prominence  later,  it  is 
expedient  to  consider  the  above  oxygen  compounds  all  as  partial 
anhydrides  of  hydroxyl  compounds.  Since  oxygen  is  divalent,  but 
hydroxyl  monovalent,  the  adopted  valency  becomes  more  prominent 
by  this  way  of  writing  the  formulae. 

Thus,  in  the  case  of  the  halogens,  e.g.  in  the  case  of  chlorine,  we 
have 


Hypochlorous  acid 
Chlorous  acid 
Chloric  acid 
Perchloric  acid 


Cl(OH) 

C10(0Hf  = Cl(0H)3-H,0 
C102(0H)  = C1(0H)8-2H20 
C103(0H)  = CI(0H)7-3H„0. 


In  the  case  of  sulphur  and  its  group,  we  have 

Sulphurous  acid  S0(0H)2  = S(OH)4  - Ho0 

Sulphuric  acid  S02(0H)2  = S(0H)B  - 2H20. 

In  the  nitrogen  series,  finally,  there  are 

Nitrous  acid  NO(OH)  = N(OH)3 - H„0 

Nitric  acid  N02(0H)  = N(0H)B  - 2H20. 

. % means  of  this  view  the  fact,  e.g.  that  the  tribasic  phosphoric 
acid  and  the  monobasic  nitric  acid  belong  to  the  same  type,  becomes 
clearer  than  from  the  mere  consideration  of  their  formula1 


H3P04  = P(OH)r>  - H.,0 
HN03  =N(OH).  - 2H20. 

Ei  en  if  these  types  do  not  by  any  means  exhaust  all  the  cases, 

? *tlH  , allow  of  a review  of  the  most  important  compounds,  and 
have  their  value  on  that  account. 


CHAPTER  XVI 


CARBON 


General. — Carbon  is  one  of  the  most  important  elements  in  respect 
both  of  the  variety  and  wide  distribution  of  its  compounds  and  of  the 
importance  which  these  have  in  nature  as  well  as  in  the  arts.  Although 
oxygen,  hydrogen,  and  nitrogen  are  never  failing  constituents  of  li\  ing 
or  organised  structures,  still  carbon  is  frequently  called  the  organic 
element  par  excellence,  because  it  is  on  the  combining  relations  exhibited! 
by  this  element  that  tbe  diversity  of  the  substances  of  the  oiganic 

kingdom  most  essentially  depends. 

But  the  pre-eminent  importance  of  carbon  is  due  not  only  to  its  s 
being  a constituent  of  the  substances  of  which  the  structures  of  living  ^ 
things  are  built  up,  but  muck  more  to  its  being  the  carrier  of  the  supply 
of  energy  which  is  expended  in  vital  action.  For  a similar  reason, 
carbon  is  of  importance  in  tbe  arts,  for  by  far  the  greatest  part  of  the 
chemical  energy  which  is  set  in  motion  for  the  accomplishment  of  the 
most  diverse  ends  is  derived  from  the  chemical  transformations  of 

°al  Jnto  a discussion  of  this  side  of  the  chemistry  of  carbon,  however, ' 
we  can  enter  only  after  the  compounds  have  been  described  which  car- 
bon forms  with  other  elements.  This,  in  turn,  must  be  preceded  by\ 
a description  of  carbon  itself. 

Elementary  carbon  occurs  in  three  different  forms,  which  exhib 
relationships  to  one  another  similar  to  those  found  m the  case  of  suH 
phur  or  phosphorus.  It  exists  in  two  crystalline  forms  and  also  in  an 
amorphous  state.  The  different  varieties  of  amorphous  carbon  are 
usually,  but  probably  incorrectly,  classed  together  as  one  kind. 
Indeed  there  are  important  reasons  for  thinking  that  there  are  seven, 
kinds  of  amorphous  carbon,  each  possessing  different  properties,  but  none 

of  which  are  known  in  the  pure  state. 

That  which  is  called  charcoal  is  amorphous  carbon  in  a moie  or 
less  pure  state.  On  heating  organic  substances,  e.g.  substances  d.  A 
from  organisms,  especially  plants,  and  containing  carl  on,  j 

this  element  is  generally  obtained,  whereas  tbe  other  elements  present, 
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especially  oxygen  and  hydrogen,  escape  in  the  form  of  water  and  as 
lower  carbon  compounds  of  these  elements.  Moreover,  the  residue 
contains  any  non-volatile  substances  which  may  be  present,  as  well  as 
residual  quantities  of  hydrogen  and  oxygen,  which  are  larger  in  amount 
the  lower  the  temperature  of  carbonisation. 

In  the  charcoal  produced,  the  structure  of  the  material  can  in  some 
cases,  e.g.  when  obtained  from  wood,  be  recognised  ; wood  charcoal 
exhibits  every  cell  of  the  wood  well  preserved.  This  is  due  to  the 
fact  that  at  the  temperatures  which  are  reached  under  these  conditions, 
carbon  is  an  infusible  substance.  If  the  original  material  has  also  this 
same  property  of  infusibility,  as  is  the  case  with  the  substance  forming 
the  cell-walls  of  wood,  the  form  is  well  retained  on  carbonisation. 
In  other  cases,  where  the  original  material  liquefies  either  before  or 
during  carbonisation,  e.g.  in  the  case  of  sugar,  the  charcoal  which  is 
obtained  has  the  appearance  of  a mass  which  has  been  fused ; this, 
however,  is  due  only  to  the  fact  that  sugar,  not  carbon,  is  fusible. 

Sugar  charcoal  is  much  purer  than  wood  charcoal,  because  in  it 
the  presence  can  easily  be  avoided  of  non-volatile  impurities  which  are 
present  in  the  case  of  wood  charcoal,  and  which,  on  complete  combustion, 
remain  behind  as  a grey  powder,  the  ash. 

Soot  is  a still  purer  form  of  carbon.  This  is  obtained  by  the 
combustion,  in  a small  supply  of  air,  of  volatile  compounds  of  carbon 
and  hydrogen,  of  which  there  are  a large  number.  The  hydrogen 
then  combines  with  the  oxygen  present,  and  the  carbon  is  deposited 
and  can  be  collected  in  the  form  of  a very  fine  and  light  powder. 
Small  quantities  of  hydrogen  compounds  which  it  still  contains  can 
usually  be  got  rid  of  by  igniting  it  with  exclusion  of  air. 

The  properties  of  this  form  of  carbon  are  the  well-known  black 
colour,  a small  density,  easy  combustibility,  small  conductivity  for 
heat  and  electricity,  and  a low  degree  of  hardness.  « 

All  these  properties,  however,  cannot  be  stated  in  definite  numbers, 
but  are  found  to  vary  to  some  extent,  and  that,  indeed,  in  the  follow- 
ing way.  The  higher  the  temperature  to  which  the  amorphous  carbon 
was  exposed,  and  the  longer  that  temperature  was  allowed  to  act  on 
the  carbon,  the  greater  are  the  density,  hardness,  conductivity  for 
heat  and  especially  for  electricity,  and  the  less  is  its  combustibility. 
At  the  same  time,  the  deep  black  colour  passes  into  a gray  one  with  a 
somewhat  metallic  lustre. 

It  has  not  yet  been  settled  whether  the  cause  of  these  changes  is 
that  the  small  particles  of  wTiich  the  charcoal  consists  unite  together 
at  the  high  temperature  to  larger  particles,  or  that  there  are  different 
forms  of  amorphous  carbon  which  occur  mixed  together  in  charcoal, 
the  harder,  more  dense,  and  better  conducting  of  which  forms  are 
increasingly  produced  at  higher  temperatures.  The  melting  point  of 
charcoal  is  certainly  as  high  as  3000°  or  3500°,  the  temperature  of 
the  electric  arc,  but  it  is  quite  possible  that  the  general  property  of 
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amorphous  substances,  of  having  no  definite  melting  point,  is  present 
also  in  this  case,  and  that,  therefore,  even  at  much  lower  temperatures, 
an  incipient  softening  may  occur  which  would  lead  to  the  formation  of 
larger  grains  by  the  caking  together  of  the  smaller.  In  this  way, 
the  above-mentioned  changes  can  be  partially  explained.  It  appears, 1 
however,  especially  in  view  of  the  increase  of  the  hardness  and  con- 
ductivity, to  be  more  appropriate  to  assume  the  existence  of  several 
forms  of  amorphous  carbon,  which  differ  from  one  another  in  the 
way  described,  and  which  in  varying  proportions  make  up  ordinary 
charcoal. 

Carbon  retains  the  solid  state  with  especial  obstinacy.  Only  at 
the  temperature  of  the  electric  arc,  about  3500°,  does  softening  and 
volatilisation  occur.  Further,  there  is  scarcely  a solvent  which  dis- 
solves carbon  to  any  great  extent.  The  only  better-known  one  is 
liquid  iron,  in  which  carbon  dissolves  to  the  extent  of  a few  per  cent 
at  comparatively  high  temperatures,  and  from  which  it  separates  out 
when  the  metal  solidifies.  Under  these  conditions,  however,  carbon 
does  not  appear  in  amorphous  form,  but  in  the  crystalline  form  of 
graphite,  which  will  be  described  later. 

When  heated  in  the  air,  carbon  unites  with  oxygen,  and  is  con- 
verted into  carbon  dioxide. 

The  fossil  charcoal  occurring  in  nature,  such  as  anthracite,  coal, 
and  brown  coal,  consists,  it  is  true,  chiefly  of  carbon,  but  it  also 
contains  hydrogen  and  oxygen  along  with  small  quantities  of  nitrogen, 
sulphur,  and  very  varying  amounts  of  ash,  i.e.  mineral  admixtures  of 
all  kinds.  The  different  sorts  have  all  been  formed  in  a similar  way 
to  wood  charcoal,  viz.  from  the  remains  of  previous  vegetation  by  the 
gradual  loss  of  the  other  elements  and  the  formation  of  a residue  of 
carbon.  This  process  has,  however,  taken  place  at  a low  temperature 
and  required  very  long  periods  of  time.  This  process  of  carbonisation 
has  progressed  furthest  in  the  case  of  anthracite,  which  contains  only 
quite  small  quantities  of  hydrogen ; not  so  far  in  the  case  of  ordinary 
coal,  and  least  of  all  in  the  case  of  brown  coal.  The  latter  substances 
cannot  be  regarded  as  carbon  in  the  strict  sense ; on  the  contrary, 
they  consist  of  derivatives,  of  complex  composition  and  certainly  very 
rich  in  carbon,  of  the  substances  of  which  the  original  plant-structures 
were  built  up,  or  of  mixtures  of  such  substances  with  amorphous  carbon. 

On  heating  ordinary  coal  with  exclusion  of  air,  the  hydrogen  is 
removed  in  the  form  of  carbon  compounds.  This  process  is  carried 
out  on  the  large  scale  for  two  purposes.  On  the  one  hand,  coal  rich 
in  hydrogen  is  subjected  to  heating  or  “dry  distillation,  and  the 
gases  containing  carbon  which  are  produced  are  collected  in  order  to 
be  used,  after  purification,  for  illuminating  or  heating  purposes.  This 
manufacture  of  coal  gas  plays  a very  important  part,  since  gaseous  fuel 
possesses  important  advantages  over  the  solid  or  liquid.  M e .dial 
enter  into  this  more  fully  later. 
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On  the  other  hand,  coal  which  is  poor  in  hydrogen  is  also  subjected 
to  dry  distillation  in  order  to  obtain  in  the  residues  a fuel  which  is 
almost  free  from  hydrogen,  and  which  in  many  cases,  especially  for 
metallurgical  purposes,  is  to  be  preferred  to  that  containing  hydrogen. 
These  coal  residues  are  called  coke,  and  are  made  on  a very  large  scale. 
A point  which  is  of  essential  importance  here  is  that  the  greater 
portion  of  the  sulphur  present  is  removed  in  the  carbonisation,  so 
that  in  this  respect  also  a purification  is  effected. 

Absorption  by  Charcoal. — The  porous  and  cellular  character 
which  amorphous  charcoal  frequently  assumes,  when  produced  from 
organic  structures  of  a corresponding  form,  develops  a property 
which  is  possessed,  indeed,  by  all  substances,  but  which,  in  this  case, 
appears  with  especial  distinctness.  This  is  the  power  possessed  by 
porous  charcoal  of  absorbing  dissolved  and  gaseous  substances  from 
mixtures,  and  so  freeing  these  from  certain  components. 

If,  for  example,  wine,  litmus  solution,  or  similar  coloured  solutions 
are  shaken  with  finely  porous  charcoal  (the  most  suitable  being  bone 
charcoal,  obtained  by  carbonising  bones),  and  then  filtered,  the  liquid 
passes  through  the  filter  either  quite  colourless,  or,  at  least,  considerably 
lighter  in  colour.  Likewise,  from  turbid,  impure,  or  evil-smelling  water 
there  is  obtained,  by  filtration  through  charcoal,  clear  water  which  has 
lost  its  smell  entirely  or  to  a large  extent.  For  such  purposes  of 
purification,  charcoal  is  largely  used  both  in  the  arts  and  in  the 
laboratory. 

The  processes  with  which  we  are  here  dealing  are  called  absorption , 
and  depend  on  the  fact  that  at  the  surface  of  contact  between  a solid 
body  and  a solution,  a different  concentration  of  the  dissolved  sub- 
stance is  produced  from  that  in  the  interior  of  the  solution.  In  many 
cases,  the  concentration  of  the  dissolved  substance  at  such  bounding 
surfaces  is  greater  than  in  the  rest  of  the  solution,  but  the  opposite 
can  also  occur. 

The  cause  which  produces  this  action  is  of  the  same  kind  as  that 
which  effects  wetting.  The  bounding  surfaces  between  different  bodies 
are,  generally,  the  seat  of  a peculiar  kind  of  energy  which  is  called 
surface  energy.  The  phenomena  of  surface  tension  or  the  phenomena 
of  capillarity  represent  only  a small  portion  of  the  actions  of  surface 
energy ; indeed,  this  comes  into  operation  in  all  cases  where  different 
bodies  come  together,  or  where  surfaces  of  separation  are  present. 

If,  now,  certain  substances  have  the  property  of  becoming  specially 
concentrated  at  a bounding  surface,  they  will  be  removed  from  a solu- 
tion in  which  they  are  present  when  such  bounding  surfaces  are 
formed  in  the  solution.  This  is  the  case  with  charcoal  and  the  above- 
mentioned  colouring  matters.  A definite  equilibrium  is  established 
between  the  portion  in  the  solution  and  that  absorbed  on  the  charcoal, 
the  greater  part  going  to  the  charcoal. 

This  action  depends,  in  the  first  place,  on  the  nature  of  the 
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dissolved  substance,  but  to  some  extent  also  on  the  nature  of  the 
solid  body.  Substances  of  complex  composition  generally  possess,  to 
a comparatively  much  greater  extent,  the  property  of  becoming  con- 
centrated at  the  bounding  surfaces,  whereas  more  simple  substances 
remain  chiefly  in  the  solution.  Since,  now,  most  of  the  colouring 
matters  which  appear  as  unwelcome  companion  products  in  the 
preparation  of  organic  substances  have  a very  complex  nature,  they 
can  be  frequently  removed  from  the  solutions  by  this  means.  The 
method  is  employed  with  very  good  results,  for  example,  in  the  sugar 
refineries,  in  order  to  so  far  decolorise  the  dark  brown  beet  juice  that 
white  sugar  can  be  obtained  from  it. 

The  same  holds  also  for  the  malodorous  products  of  decomposition 
of  organic  bodies,  animal  excremental  matter,  etc.,  which,  on  account 
of  their  complex  nature,  are  also,  as  a rule,  abundantly  absorbed  by 
charcoal. 

Finally,  what  has  just  been  said  holds  also  for  gas  mixtures. 
Gases  also  condense  to  a more  or  less  considerable  extent  on  the 
surfaces  of  solid  bodies,  and  again,  the  more  complex  and  denser 
gases  do  so  generally  much  more  than  the  simple  and  light  ones. 
The  former  can,  therefore,  also  be  removed  more  or  less  completely 
from  mixtures  with  the  other  gases. 

Since  the  action  takes  place  at  the  bounding  surface  between  the 
solid  body  and  the  liquid  or  the  gas,  it  is  proportional  to  the  surface. 
The  amount  which  1 sq.  cm.  of  surface  can  contain  in  this  way  is  very 
small ; in  one  special  case  (that  of  ammonia  on  glass)  it  has  been 
found  equal  to  „ - 0 000th  gm-  pro  sq.  cm.  Even  if  in  the  case  of 

other  substances  the  number  can  become  ten  or  a hundred  times  as 
great,  still  the  amounts  with  which  we  are  here  dealing  are  always 
exceedingly  small.  To  obtain  measurable  amounts,  thei’efore,  very 
large  surfaces  must  be  employed ; for  the  absorption  of  one  gram  of 
ammonia  a square  surface  of  50  metre  side  is  necessary.  Such  large 
surfaces  are  found  only  in  the  case  of  very  fine  powders,  or  of  very 
finely  cellular  structures. 

This  quality  is  possessed  by  bone  charcoal,  because  bones  contain, 
besides  the  organic  matter  of  a gluey  nature,  large  amounts  of  calcium 
phosphate.  On  carbonisation,  the  cellular  structure  is  very  completely 
preserved  by  means  of  this  embedded  matter,  and  if  the  calcium 
phosphate  is  removed  by  solution  in  hydrochloric  acid,  a fairly  pure 
charcoal  is  obtained  which  for  a given  amount  of  substance  possesses 
an  exceedingly  large  surface,  and  therefore  exhibits  the  phenomena  of 
absorption  with  especial  distinctness. 

* If  organic  substances,  e.g.  sugar,  which  do  not  themselves  yield 
on  carbonisation  a charcoal  with  largely  developed  surface,  be  mixed 
with  calcium  phosphate  or  similar  infusible  and  readily  removable  salts, 
a strongly  absorbing  charcoal  is  obtained  by  the  carbonisation  of  such 
mixtures,  after  removal  of  the  admixed  substance.  In  this  case  the 
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large  development  of  surface  has  been  artificially  caused,  and  with  it, 
also,  the  corresponding  action  obtained. 

Another  action  with  is  connected  with  the  one  just  described  is 
the  catalytic  acceleration,  especially  of  gas  reactions,  which  is  exerted 
by  substances  with  largely  developed  surface.  Thus,  the  oxidation  of 
many  substances  by  free  oxygen  is  gi'eatly  accelerated  when  charcoal 
is  present.  Likewise,  gases  which  under  given  conditions  act  only 
slowly  on  one  another,  can  be  made  to  act  more  quickly  with  the  help 
of  charcoal.  In  these  cases,  however,  the  actions  of  charcoal  are 
greatly  surpassed  by  the  analogous  actions  of  spongy  platinum. 

Graphite. — Graphite  is  a crystalline  form  of  carbon.  It  occurs 
in  nature  as  black-grey  masses  with  a feebly  metallic  lustre,  and 
crystallises  in  forms  belonging  to  the  hexagonal  system ; it  is  found  in 
various  localities,  especially  in  Bohemia,  Cumberland,  and  Siberia.  It  is 
distinguished  from  amorphous  carbon  by  its  greater  density,  its  good 
conductivity  for  electricity,  and  the  great  difficulty  with  which  it  burns. 
It  is  possible  to  effect  its  combustion  only  by  heating  it  to  a bright 
red  heat  in  a current  of  oxygen.  From  the  denser  and  better  con- 
ducting forms  of  amorphous  carbon,  it  is  distinguished  by  its  very  low 
degree  of  hardness.  This  circumstance  makes  it  probable  that  amor- 
phous carbon  which  has  been  strongly  heated  and  has  thereby  become 
a conductor,  does  not  owe  this  property  to  the  formation  of  a certain 
amount  of  graphite,  for  such  carbon  becomes  at  the  same  time  very 
hard  and  does  not  give  a black  streak  as  graphite  does. 

Graphite  can  also  be  obtained  artificially  by  allowing  carbon  to 
crystallise  out  from  fused  metals.  It  has  already  been  mentioned  that 
this  is  best  known  in  the  case  of  iron,  but  there  are  other  metals 
which  dissolve  small  quantities  of  charcoal  when  heated,  and  from 
which  the  latter  separates  at  lower  temperatures  in  a crystalline  form 
as  graphite. 

Graphite,  also,  must  be  divided  into  different  groups  which  exhibit 
a somewhat  different  behaviour’.  It  has,  however,  not  yet  been  settled 
whether  these  differences  may  not  perhaps  be  due  only  to  mechanical 
differences,  the  one  form  consisting  of  innumerable  laminae  laid  closely 
together,  while  the  other  forms  more  coherent  masses.  We  shall  here, 
therefore,  refrain  from  entering  on  a discussion  of  these  differences. 

Graphite  agrees  with  amorphous  carbon  in  its  resistance  to  fusion, 
and  volatilisation  at  comparatively  high  temperatures.  It  is  used, 
therefore,  for  making  crucibles  which  have  to  withstand  especially 
high  temperatures,  and  for  this  purpose  it  is  mixed  with  some  clay  to 
act  as  binding  material  and  then  moulded.  The  slight  combustibility 
of  graphite  allows  of  such  crucibles  being  heated  without  special  pre- 
cautions even  in  the  air. 

Some  further  applications  of  graphite  are  due  to  its  property  of 
being  split  into  thin  scales.  Lead  pencils  are  made  from  graphite,  the 
mass  being  finely  powdered,  and,  by  admixture  with  clay  or  other 
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binding  material,  formed  into  the  well-known  thin  rods,  to  which 
firmness  is  imparted  by  slight  firing.  According  to  the  amount  of 
substance  added,  the  pencil  has  varying  hardness. 

Further,  graphite  is  used  as  a lubricant,  and  this  also  depends  on 
its  easy  disintegration  into  smooth  scales.  These  fill  up  any  uneven- 
ness in  the  rubbing  surfaces  and  quickly  form  a smooth  coating, 
which  effects  an  easy  gliding.  Where  it  can  be  applied,  graphite 
has  the  advantage  over  grease  of  being  insensitive  to  differences  of 
temperature. 

Diamond. — A second  crystalline  form  of  carbon  is  the  diamond. 
In  contradistinction  to  the  two  other  forms,  diamond  is  transparent 
and  colourless,  but  possesses  the  power  of  strong  refraction  and 
dispersion,  so  that,  when  cut  into  regular  forms,  it  exhibits  a 
considerable  lustre  and  play  of  colours,  to  which  its  use  as  a gem 
is  due.  That  it  consists  of  pure  carbon  is  seen  from  the  fact  that  it 
yields  on  combustion  carbon  dioxide,  and  this  also  in  exactly  the 
same  proportions  as  any  other  form  of  pure  carbon. 

Diamond  crystallises  in  the  regular  system  chiefly  in  octahedra, 
which  often  exhibit  somewhat  rounded  edges.  The  property  which  is 
most  important  for  its  applications,  is  its  great  hardness.  In  this 
respect  it  is  superior  to  all  other  naturally  occurring  substances,  and 
also  to  most  of  those  that  can  be  artificially  prepared.  It  is  used  for 
cutting  glass,  for  drills  for  working  jn  hard  rock,  for  chisels  used  for 
turning  very  hard  steel  and  emery  discs,  etc.  A quickly  rotating 
disc  of  tin-plate  or  of  copper  into  which  diamond  splinters  have  been 
pressed,  cuts  glass  and  other  hard  substances  with  ease. 

* According  as  it  is  desired  to  use  the  diamond  for  writing  on  or 
for  cutting  glass,  differently  formed  pieces  must  be  used.  For  writing, 
almost  any  point  may  be  used  Avhich  when  properly  held  will  scrape 
out  splinters  from  the  surface  of  the  glass,  and  according  to  the  sharp- 
ness of  the  point  and  the  pressure  employed,  the  finest  lines  can  be 
drawn.  For  cutting  glass,  the  diamond  must  have  a chisel-shaped 
edge,  which  will  cleave  the  glass ; such  a diamond  cuts,  therefore,  only 
in  one  definite  position,  and  must  be  held  accordingly. 

Diamonds  occur  rather  rarely  in  nature,  so  that  their  price  is  high. 
Their  artificial  preparation  has  recently  been  successful,  but  has  as  yet 
yielded  only  microscopically  small  crystals.  Diamonds  are  obtained 
by  fusing  iron  which  contains  carbon  and  allowing  this  to  fall  in  small 
quantities  into  Avater,  so  that  it  is  suddenly  cooled.  If  the  iron  is 
then  dissolved,  a small  quantity  of  a crystalline  dust  is  left  Avhose 
density,  hardness,  resistance  to  the  action  of  chemical  agents,  and 
combustion  on  heating,  shoAV  it  to  be  composed  of  diamond.  In 
Fie.  97  such  artificial  diamonds  are  shoAvn  as  seen  under  the 
microscope. 

Although  the  pure  diamond  is  colourless,  diamonds  of  all  possible 
colours,  especially  yelloAv,  and  from  brown  to  black,  occur  in  nature. 
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The  latter,  which  have  no  value  as  gems,  are  used  for  technical  purposes. 
The  colours  are  due  to  impurities,  especially  organic  substances. 

As  regards  the  mutual  stability-relations  of  these  different  forms  of 
carbon,  we  possess  as  yet  no 
exact  knowledge,  for  the 
transitions  take  place  here 
with  such  excessive  slowness 
that  it  is  hardly  possible  to 
follow  them  experimentally. 

The  following  has  been  estab- 
lished with  some  degree  of 
certainty. 

Amorphous  carbon  must 
be  regarded  as  the  least  stable ; 
it  contains  the  greatest 

amount,  of  energy.  Graphite  must,  very  probably,  be  regarded 
as  the  most  stable  at  comparatively  high  temperatures.  The  reason 
of  this  is,  especially,  that  at  very  high  temperatures  diamond  passes 
into  graphite.  Accordingly,  diamond  would,  with  respect  to  stability, 
stand  in  the  middle. 

However,  as  is  known,  the  relative  stability  of  different  forms  of 
the  same  substance  depends  very  much  on  the  temperature,  and  it 
is,  therefore,  not  admissible  to  directly  draw  conclusions  as  to  the 
relations  at  ordinary  temperatures  from  those  existing  at  3000°. 

Compounds  with  Oxygen.— Carbon  forms  two  oxides,  one 
combining  weight  of  carbon  being  able  to  unite  with  one  or  with 
two  combining  weights  of  oxygen.  The  second  of  these  compounds 
is  by  far  the  more  important. 

Carbon  dioxide,  CO.„  is  a gas  with  the  normal  weight  44  ; it  is 
colourless,  has  a feeble  but  distinct  taste  and  smell,  and  dissolves 
fairly  readily  in  water.  At  room  temperature,  water  absorbs  about 
an  equal  volume  of  the  gas.  With  changes  of  pressure  and  tempera- 
ture, carbon  dioxide  shotvs  appreciable  deviations  from  the  simple  gas 
laAvs ; by  increase  of  pressure  it  can  be  readily  liquefied.  In  the 
following  table  the  vapour  pressures  of  carbon  dioxide  are  given  ■, 
these  are  equal  to  the  pressures  Avhich  must  just  be  exceeded 
order  that  the  gas  may  pass  into  a liquid. 


m 


Temperature. 

Pressure. 

Temperature. 

Pressure. 

-80° 

l'OO  atm. 

-10° 

26 -76  atm. 

-70° 

2-08  „ 

0° 

35-40  „ 

- 60° 

3-90  ,, 

+ 10° 

46-05  ,, 

-50° 

6-80  „ 

+ 20° 

58-84  „ 

-40° 

10'2f>  ,, 

+ 30° 

73-84  „ 

-30° 

-20° 

15-15  „ 
19-93  „ 

+ 31° 

75"56  ,, 

As  can  be  seen  from  this  table,  the  pressure  of  liquefaction  at  0° 
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is  equal  to  35  atm.;  at  -80°  the  pressure  of  1 atm.  is  sufficient,  in 
order  to  liquefy  the  gas.  The  critical  temperature  is  31°;  this  is  the 
limit  up  to  which  the  conversion  of  the  gas  to  a liquid  can  be  effected 
by  pressure. 

The  Critical  Phenomena.— -Since  it  was  in  the  case  of  carbon 
dioxide  that  the  critical  phenomena  were  first  discovered  in  their 
mutual  connection,  it  will  be  appropriate  to  discuss  them  more  fully  at 
this  point.  This  will  be  best  done  with  the  help  of  a diagram 
representing  the  relation  of  pressure  and  volume. 

In  Fig.  98,  the  volumes  are  measured  to  the  right  and  the  pressures 
upwards.  For  every  temperature  there  will  then  be  a line  which  will 
represent  the  corresponding  values  of  pressure  and  volume.  If,  there- 
fore, any  definite  temperature  is  taken,  there  will  correspond  to  each 
pressure  a definite  volume,  and  vice  versa  ; all  the  corresponding  values 
of  these  will  be  represented  by  a connecting  line,  which  is  called  an 
isotherm , because  it  is  a line  of  constant  temperature. 

For  liquids,  the  isotherms  have  the  following  form.  If  the  pres- 
sure weighing  on  a liquid  be  changed,  the  volume  changes  in  the 
opposite  sense,  but  only  to  a very  small  amount,  because  the  compres- 
sibility of  liquids  is  very  small.  If,  therefore,  in  the  above  mentioned 
diagram,  we  measure  the  volumes  to  the  right  and  the  pressures 
upwards,  we  obtain  an  almost  perpendicular  line,  since  almost  identical 
volumes  correspond  to  very  different  pressures,  and  the  former,  there- 
fore, lie  almost  exactly  under  one  another.  On  account  of  the  slight 
increase  of  volume  with  diminishing  pressure,  the  isotherm  for  liquids 
inclines  slightly  to  the  right,  if  we  follow  it  from  above  downwards, 
that  is,  in  the  direction  of  smaller  pressures.  In  Fig.  98,  the  line 
marked  13T°  shows  on  the  left  such  a liquid-isotherm. 

At  a definite  minimal  pressure,  vapour  begins  to  be  evolved  from 
the  liquid.  If  we  now  attempt  to  further  lower  the  pressure  by 
increasing  the  volume,  we  do  not  succeed,  but  moie  vapoui  is  gnen  off 
and  the  pressure  remains  unchanged,  the  temperature  being  supposed 
constant.  A line  representing  constant  pressure  with  changing  volume 
is  a horizontal  line  in  our  diagram.  For  the  states  consisting  of  liquid 
and  vapour,  the  isotherm  is,  therefore,  a horizontal  line,  e.g.  the  middle 
portion  of  the  line  13T°  in  Fig.  98.  On  continually  increasing  the 
volume,  all  the  liquid  finally  evaporates,  and  only  vapour  is  now 
present.  So  soon  as  this  occurs,  the  pressure  again  diminishes  as  the 
volume  increases,  but  to  a much  less  extent  than  in  the  liquid  state. 
The  vapour  formed  follows  approximately  the  law  of  Boyle,  pv  - 
const.,  and  the  isotherm  is  represented  by  a portion  of  a line  such  as 
in  Fig.  1 8,  p.  76,  or  a hyperbola.  This  is  the  right  end  of  the  line  1 3T 

in  Fig.  98.  ... 

If  now  we  apply  the  same  considerations  to  another  isotherm  at  a 

higher  temperature,  we  may,  to  begin  with,  repeat  what  has  been  said 
word  for  word.  The  difference  which  exists,  consists  in  the  fact  tlia 
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the  volumes  of  the  liquid,  on  account  of  the  higher  temperature,  are 
rather  greater  than  previously,  under  the  same  pressures  ; the  liquid- 
isotherm,  therefore,  lies 
to  the  right  of  the  pre- 
vious one.  Further,  the 
vapour,  on  account  of  the 
! higher  temperature,  ap- 
| pears  at  a greater  pressure ; 
the  horizontal  portion  of 
the  isotherm,  therefore, 
starts  higher  up  than 
previously.  Finally,  the 
liquid  entirely  evaporates 
at  a smaller  volume.  For, 
even  if  on  account  of  the 
higher  temperature  the 
vapour  should  have,  at  a 
given  pressure,  a smaller 
density,  still  the  increase 
of  the  vapour  pressure 
by  which  the  volume  is 
diminished,  amounts  to 
much  more,  and  the  total 
result  is  a considerable 
diminution  of  the  volume 
of  the  vapour.  The 
form  for  such  an  isotherm 
at  a higher  temperature  ■ Kio.  ns. 

is  represented  in  Fig.  98 

by  the  curve  marked  with  21T°,  in  which  the  above  mentioned 
differences  from  the  lower  isotherm  for  13T°  can  be  seen. 

The  higher,  now,  the  temperature  is  taken,  the  nearer  do  the  two 
ends  of  the  horizontal  straight  lines  come  together,  ie.  the  less  do  the 
volumes  or  the  densities  of  the  liquid  and  of  the  vapour  differ  from 
one  another.  On  the  isotherm  31  T°  the  two  finally  come  together  in 
the  point  K. 

The  meaning  of  this  is  that  in  the  point  K,  the  densities  of  liquid 
and  vapour  have  become  equal,  and  since,  apart  from  this,  the  composi- 
tion and  chemical  nature  are  the  same,  the  two  states  become  com- 
pletely identical.  At  this  point,  the  critical  point,  therefore,  the 
distinction  between  liquid  and  vapour  disappears. 

At  still  higher  temperatures  the  isotherms,  of  which  there  are  still 
j some  in  the  diagram,  have  no  horizontal  middle  portion  but  are  con- 
tinuous. Here , accordingly,  the  phenomena  of  liquefaction  and  evaporation 
| are  no  longer  possible,  and  all  changes  of  state  take  place  continuously.  At 
j first  the  proximity  of  the  critical  point  makes  itself  still  evident  in  the 
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flexures  of  the  isotherms,  ;is  is  clearly  shown  in  the  isotherms  32,5° 
and  35-5°;  at  48T°,  however,  these  have  also  disappeared,  and  the 
isotherms  no  longer  differ  essentially  from  those  of  a gas.  The  corre- 
sponding isotherms  for  air  are  inserted  to  the  right  at  the  top  of  the 
diagram ; these  show  that  carbon  dioxide,  under  the  high  pressures  1 
employed,  deviate  from  the  gas  laws  in  such  a way  that  the  volumes 
are  considerably  smaller  than  in  the  case  of  a perfect  gas. 

The  region  enclosed  by  the  curved,  dotted  line,  in  which  the  hori- 
zontals representing  the  states  liquid  plus  vapour  lie,  can  be  called  the 
region  of  heterogeneous  states,  since  in  it  two  phases  are  present. 
Everywhere  else,  there  is  only  one  phase  present : at  the  left  edge, 
liquid  ; at  the  right,  vapour.  The  diagram  shows  that  above  the  critical 
point  these  two  latter  regions  are  continuously  connected  with,  one  another. 
In  other  words,  it  must  be  possible  to  convert  a liquid  into  a vapour 
or  a vapour  into  a liquid  without  the  one  ever  being  observed  to 
separate  from  the  other,  or  without  liquid  ever  visibly  passing  into 
vapour,  or  vice  versa. 

To  perform  this,  carbon  dioxide  is  first  compressed  at  a low  tem- 
perature, so  that  it  is  completely  converted  into  a liquid.  One  thus 
commences  with  a point  which  lies  to  the  left  of  the  region  of  hetero- 

the 


i 


always  maintained  high 


geneous  states.  If,  now,  the  pressure  is 
enough  so  as  to  remain  in  this  region,  and  the  temperature  be  raised 
above  31  Tc,  we  always  remain  to  the  left  of  the  central  field  but  reach 
a point  higher  than  the  point  K.  If  the  pressure  is  now  diminished, 
while  the  temperature  is  maintained  above  the  critical  value,  we  pass 
to  the  right  along  one  of  the  isotherms.  On  this  isotherm  the  pres- 
sure can  be  diminished  to  any  desired  extent,  and  the  temperature  also 
be  allowed  to  fall ; so  long  as  one  avoids  coming  into  the 


can 


heterogeneous  region,  the  carbon  dioxide  is  undoubtedly  in  the  gaseous  J 
state,  a fact  of  which  one  can  convince  oneself  by  reducing  the  pressure  • 
to  that  of  the  atmosphere  and  opening  the  vessel. 

Similarly,  just  as  along  a path  above  the  point  K,  a liquid  can  be  I 
converted  continuously  into  a vapour  or  a gas  without  vapour  ever 
making  its  appearance  along  with  it,  so  it  is  possible  to  convert  a gas  -j 
continuously  into  a liquid  without  a separation  of  liquid  ever  becoming  . 
visible.  For  that  purpose,  it  is  only  necessary  to  raise  the  temperature 
above  the  critical  value,  and  the  gas  can  then  be  compressed  without  its 
liquefying.  Above  the  pressure  corresponding  to  the  point  K,  or  the 
critical  pressure,  the  temperature  can  be  lowered  below  31  T°.  If  the 
pressure  be  now  diminished,  it  is  found  that  the  substance  exists  in  the 

liquid  state.  . , 

The  critical  point  K is  characterised  by  three  magnitudes:  the 

critical  -temperature,  or  the  temperature  of  the  isotherm  in  which  liquid 
and  vapour  become  identical;  the  critical  pressure  corresponding  to 
this;  and  the  critical  volume  or  the  critical  density.  The  two  latter 
are  the  values  of  the  pressure  and  volume,  or  density,  at  the  point  k. 
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They  are  obtained  from  the  diagram  by  reading  off  the  corresponding 
distances  on  the  axes  of  pressure  and  volume.  Thus,  the  critical  pres- 
sure of  carbon  dioxide  is  found  to  be  about  75  atm.  The  critical 
volume  has  to  be  referred  to  some  definite  quantity  of  substance ; for 
one  mole,  or  44  gm.  carbon  dioxide,  it  amounts  to  112  cc. 

Three  such  critical  constants  belong  to  every  pure  substance. 
Whereas  the  critical  temperatures  are  to  be  found  ranging  from  the 
lowest  to  the  highest  temperatures,  the  critical  pressures  move  within 
fairly  narrow  limits,  between  20  and  100  atmospheres,  which  they 
exceed  only  in  quite  exceptional  cases.  The  critical  volumes  of  one 
mole  are  also  not  very  different ; like  the  other  critical  constants,  they 
increase  with  the  molar  weight  of  the  respective  substances,  and  vary 
from  10  to  some  hundred  cubic  centimetres. 

Liquid  Carbon  Dioxide. — On  account  of  the  moderate  pressure 
by  which  carbon  dioxide  can  be  liquefied,  even  at  the  ordinary  tem- 
perature, this  substance  is  now  placed  on  the  market  in  large  quantities 
in  the  liquid  form.  For  this  purpose,  the  gas  is  pumped  into  iron 
cylinders  (Fig.  37,  p.  103),  which  are  kept  cool,  and  is  thereby  con- 
verted into  the  liquid  state.  The  starting  material,  carbon  dioxide  gas, 
occurs  abundantly  in  various  localities.  Especially  in  districts  where 
volcanic  activity,  previous  or  existing,  can  be  recognised,  copious 
streams  of  carbon  dioxide  are  frequently  found  escaping  from  fissures 
in  the  earth,  and  this  gas  is  suitable  for  being  directly  liquefied.  In 
Germany,  such  sources  of  carbon  dioxide  exist  especially  in  the  Eifel 
district. 

If  liquid  carbon  dioxide  be  allowed  to  stream  out  into  the  air,  part 
of  it  immediately  evaporates.  So  much  heat  is  thereby  withdrawn 
from  the  remainder  that  its  temperature  sinks  below  the  point  of 
solidification  of  carbon  dioxide,  and  the  latter  solidifies  in  the  form  of 
; a Avhite  snow.  By  allowing  the  liquid  to  stream  into  a bag  of  closely 
woven  cloth,  the  “ carbonic  acid  snow  ” can  be  filtered  off,  the  solid 
remaining  in  the  bag  while  the  gaseous  portion  escapes  through  the 
fabric. 

The  solid  dioxide  is  used  chiefly  for  producing  low  temperatures. 
For  this  purpose  it  is  mixed  with  ether,  which  still  remains  liquid  at  the 
temperature  produced,  and  a paste  is  thus  obtained  whose  temperature 
is  80°.  . In  a space  pumped  as  vacuous  as  possible,  the  temperature  of 
this  freezing  mixture  sinks,  in  consequence  of  the  accelerated  evapora- 
tion, to  - 100°. 

Solution  in  Water. — In  water,  carbon  dioxide  dissolves  in 
accordance  with  the  law  of  Henry  (p.  271).  The  aqueous  solution  has 
an  acidulous  taste  and  causes  a prickling  sensation.  The  refreshing 
taste  of  spring  water  is  produced  essentially  by  the  presence  of  carbon 
" dioxide,  which  is  present  in  abundance  in  most  natural  waters.  It 
‘ passes  into  these  from  the  soil,  where  it  is  being  constantly  developed 
in  the  slow  combustion  of  the  organic  substances  by  the  oxygen  of  the 
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air.  Since  the  saturation  with  this  gas  has  taken  place  at  a low  tern-  i 
perature,  such  waters  are  generally  supersaturated,  and  when  they* 
become  warmer  by  standing  in  the  air,  the  gas  slowly  forms  bubbles?  -j 
on  the  walls  of  the  vessels.  This  formation  of  bubbles  in  water  con-  < 
taining  carbon  dioxide  is  regarded  as  a sign  of  a palatable  drinking'. 
water.  It  of  course  gives  no  security  against  the  presence  of  other  ■ 
substances  of  a harmful  nature. 

Water  in  which  carbon  dioxide  is  dissolved  in  somewhat  larger  > 
amounts  frequently  occurs  in  nature,  and  is  used,  as  aerated  or  mineral 
waters,  for  medicinal  purposes  or  as  a beverage.  Large  quantities  of  i - 
water  artificially  saturated  with  carbon  dioxide  under  the  pressure  of ; 
from  two  to  three  atmospheres  are  prepared,  and  are  used,  with  addi-  ;■ 
tion  of  various  salts,  for  the  same  purposes. 

Liquids  containing  carbon  dioxide  are  also  produced  in  the  fermen- 
tation of  solutions  containing  sugar.  In  this  process  the  sugar  decom- 
poses into  alcohol  and  carbon  dioxide,  and  in  certain  liquids  of  this  ■ 
kind,  e.g . beer  and  sparkling  wine,  the  fermentation  is  conducted  in 
such  a way  that  the  carbon  dioxide  does  not  escape,  but  remains  dis- 
solved, in  larger  or  smaller  amounts,  in  the  liquid. 

For  the  preparation  of  aerated  liquids,  the  gas  was  formerly  chiefly  v 
prepared  from  natui’ally  occurring  compounds,  the  carbonates,  byf 
means  of  acids.  At  the  present  time,  liquid  carbon  dioxide  is  chiefly  v 
employed,  being  manufactured  in  large  quantities  and  placed  on  the 
market  at  a very  low  price. 

Carbonic  Acid. — The  solution  of  carbon  dioxide  reacts  feebly 
acid  to  litmus,  the  colouring  substance  being  rendered  not  bright  red 
but  only  wine  red.  This,  however,  is  essentially  due  to  the  small  con- 
centration obtained  in  aqueous  solutions  of  the  gas  under  ordinary 
pressure.  If  the  amount  dissolved  is  increased  by  using  higher  pres- 
sures, a solution  is  obtained  which  also  gives  the  ordinary  bright  red 
colour  with  litmus. 

In  the  aqueous  solution,  therefore,  there  is  an  acid  present,  and 
carbon  dioxide  is  to  be  looked  upon  as  the  anhydride  of  this  acid.  : 
The  relations  are  the  same  as  in  the  case  of  sulphurous  acid ; the 
formula  of  carbonic  acid  is  H2C03,  and  it  decomposes  with  extreme  • 
readiness  into  water  and  the  anhydride  C02,  carbon  dioxide  or  carbonic 
acid  anhydride. 

Carbonic  acid  is  a dibasic  acid  with  very  slightly  developed  acid 
properties.  Like  the  dibasic  acids  in  general,  it  forms  two  kinds  of 
anions,  the  monovalent  HC0.3/  and  the  divalent  C03  . Since  e'ven  the 
process  H2C03  = H'  + HCO/'  takes  place  only  to  a very  slight  extent, 
the  second  stage  of  dissociation,  HCO./  = H'  + C03",  is,  for  most  pur- 
poses, inappreciably  small.  In  aqueous  solution,  therefore,  the  mono  i 
valent  ion  HCO/  is  formed  by  preference,  and  to  this  some  of  the  « 
characteristic  properties  of  the  carbonates  are  due. 

The  salts  of  carbonic  acid,  or  the  carbonates,  are  mostly  very  difficultly  i 
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soluble  in  water ; only  those  of  the  alkali  metals  form  an  exception 
and  are  easily  soluble.  The  latter  react  fairly  strongly  alkaline,  since 
from  the  tendency  of  the  ion  C03"  to  interact  with  water  and  pass  into 
HCO./  (C03"  + H20  = HC03'  + OH'),  a certain  amount  of  hydroxidion 
is  produced,  whereby  the  alkaline  reaction  is  effected.  On  addition  of 
acids,  all  carbonates  evolve  carbon  dioxide.  Carbonic  acid  is  first 
formed,  but  this  can  exist  in  aqueous  solution  only  to  a small  extent 
and  mostly  decomposes  into  the  anhydride  and  water  : H2C03  = C02  -f 
H20.  Since  carbonic  acid  is,  as  has  just  been  mentioned,  a very 
feeble  acid,  this  reaction  is  brought  about  also  by  other  weak  acids, 
and  the  power  of  expelling  carbon  dioxide  from  carbonates  can  almost 
be  considered  as  a characteristic  of  the  acids. 

The  “ Circulation  ” of  Carbon.  — In  nature,  carbonic  acid  and 
the  carbonates  occur  in  very  large  quantities.  The  air  always  contains 
carbon  dioxide,  the  amount  of  which  varies  somewhat.  In  places 
where  there  is  no  special  source  of  the  gas  present,  the  amount  is 
about  owVoth  of  the  volume  of  the  air.  This  amount  is  increased  by 
organic  respiration  and  combustion  processes  of  all  kinds  ; added  to 
this,  there  are  also  considerable  amounts  of  carbon  dioxide  derived 
from  volcanic  action. 

All  organisms  make  up  for  the  waste  necessary  for  their  vital 
activity  by  the  consumption  of  chemical  energy,  which,  for  the  greatest 
part,  is  the  energy  of  the  oxidation  of  c'arbon.  Whereas  animals  and 
those  plants  which  do  not  contain  chlorophyll  can  carry  out  the  oxida- 
tion only  of  already  existing  carbon  compounds,  and  live  from  these, 
the  green  plants  can  also  carry  out  the  opposite  process ; they  can 
decompose  carbon  dioxide  into  carbon  (or  compounds  of  carbon)  and 
free  oxygen.  For  this  a considerable  expenditure  of  energy  is 
necessary,  and  this  the  green  plants  derive  from  the  radiant  energy  of 
sunlight.  . They  thereby  store  up  not  only  the  supply  of  energy  which 
they  require  for  their  own  life,  but  they  also  yield  the  supply  of 
energy  which  is  used  by  all  the  other  organisms  and  which  these  take 
up  in  the  form  of  food.  By  the  oxidation  of  this  carbonaceous  food, 
first  of  all  the  herbivorous  and  then  indirectly  through  the  medium  of 
these,  the  carnivorous  animals  obtain  their  vital  energy. 

By  means  of  the  oxidation  in  respiration,  the  carbon  again  returns 
i ^ e a*r  as  carbon  dioxide,  and  a “ circulation  of  carbon  ” is 
produced  by  which  the  mutual  preservation  of  the  vegetable  and 
animal  kingdoms  appears  to  be  lastingly  assured.  However,  for  this 
i en  , it  is  not  the  conservation  of  the  carbon  that  is  the  real  problem 
ere  the  role  of  carbon  is  only  to  effect  the  transport  of  energy , 
W 10  ls  ie  essential  thing.  In  fact,  certain  organisms  are  known, 
<-.g.  the  sulphur  bacteria,  which  obtain  their  vital  energy  not  from 
| e oxidation  of  carbon  compounds  but  by  quite  different  chemi- 
ca  Reactions.  There  are,  therefore,  organisms  which  do  not  require 
any  cai  ion  for  their  nourishment ; no  organism,  however,  is  coneeiv- 
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able  which  would  not  require  to  have  free  energy  at  its  disposal  in 
order  to  exhibit  any  kind  of  vital  activity. 

So  far,  now,  as  our  knowledge  extends,  no  such  cycle  exists  for 
energy.  Here  it  is  a case  of  a current  flowing  in  one  direction,  which 
pours  out  from  the  sun  on  to  the  earth,  where  it  is  partly  used  up  and  1 ' 
partly  stored  up  by  the  plants.  The  supplies  stored  up  by  the  plants 
are  for  the  greatest  part  further  used  up  by  the  other  organisms,  but  a 
smaller  part  is  preserved  as  fossil  combustible  material  and  serves  in 
later  times  as  the  most  important  source  of  energy  in  the  industrial  life 
of  man.  That  the  free  energy  which  is  derived  from  the  sun  and 
which  in  this  way  is  finally  used  up,  will  by  any  process  be  again  made 
disposable,  we  have  no  sign ; on  the  contrary,  from  the  experience 
which  has  been  gained  with  the  terrestrial  processes,  it  is  to  be 
assumed  as  probable  that  such  a reverse  process,  corresponding  to  the 
spontaneous  flow  of  a stream  uphill,  is  not  possible  (p.  132).  It  is, 
therefore,  of  essential  interest  for  the  permanent  maintenance  of  life 
that  as  large  a portion  as  possible  of  the  radiant  energy  of  the  sun 
should  be  brought  into  the  storable  form  of  chemical  energy,  and  that, 
therefore,  as  large  a part  as  possible  of  the  earths  surface  be  covered  la 
with  green  plants.  As  is  well  known,  great  improvements  in  this 
respect  are  still  possible. 

If  one  considers  that,  as  already  mentioned,  the  amounts  of  energy 
used  in  the  industries  are  also  derived  for  the  most  part  from  the 
chemical  energy  of  carbon,  namely,  in  so  far  as  they  are  obtained  by 
the  combustion  of  coal  or  other  fossil  fuel,  we  see  that  this  element  is, 
in  fact,  along  with  oxygen,  the  most  important  carrier  of  chemical 
energy,  indeed,  of  any  energy  whatever.  It  would  be  incorrect  to 
designate  carbon  alone  as  the  carrier.  The  quantities  of  energy  in 
question  become  free  only  by  combustion,  i.e.  when  the  carbon  com- 
bines with  oxygen,  and  we  must  not  assert  that  the  energy  was  con- 
tained solely  in  the  one  or  other  element.  In  other  words,  w e are 
dealing  with  the  energy  equation 


C + 0.2  = CO.,  + dOG  Jcj, 


and  for  this,  each  member  is  of  equal  importance.  Only,  the  carbon 
readily  appears  to  be  the  sole  carrier  of  the  energy  because  the  oxygen 
is  generally  accessible  in  the  air  and  does  not,  theiefoie,  requiie  to  e 
specially  prepared  and  bought.  If  the  plants  did  not  separate  the 
oxygen  in  the  gaseous  form  but  as  a solid  compound  rich  in  oxygen, 
the  latter  would  be  just  as  necessary  for  the  conservation  of  life  an 
the  heating  of  steam  engines,  as  the  solid  carbon  compounds  ; it,  also, 
would  be  consumed  by  animals,  and  would  also  be  collected  by  man 

and  placed  on  the  market.  . , , 

The  Combining  Weight  of  Carbon  lias  been  determined  bv 
combustion  to  carbon  dioxide.  The  latter  can  be  completely  retained 
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Itv  a concentrated  solution  of  caustic  potash  or  soda  and  weighed.  If, 
therefore,  the  carbon  is  weighed,  and  also  the  potash  apparatus  before 
and  after  the  experiment,  we  can  ascertain  how  much  carbon  dioxide 
has  been  formed  by  the  combustion,  and,  by  difference,  how  much 
oxygen  has  combined  with  the  carbon.  In  this  way,  pure  amorphous 
charcoal  as  well  as  graphite  and  diamond  have  been  investigated  ; 
with  all  three,  exactly  the  same  ratio  has  been  obtained,  so  that  the 
different  quantities  of  energy  present  in  the  different  forms  of  carbon 
exert  no  influence  on  the  combining  weight.  The  uniform  result 
of  the  determinations  was  that  exactly  12'00  of  carbon  unite  with 
two  combining  weights  ( = 32)  of  oxygen,  so  that  we  have  to  put 

C=  12-00. 

Detection  of  Carbonic  Acid. — Although  carbon  dioxide  on 
being  dissolved  in  water  yields  only  very  feebly  acid  solutions,  it 
readily  forms  salts  with  dissolved  bases  ; it  is,  therefore,  rapidly  and 
completely  absorbed  by  solutions  of  these.  This  behaviour  is  made 
use  of  for  the  detection  and  quantitative  determination  of  carbon 
dioxide  (e.g.  in  the  air),  and  those  bases  more  especially  are  employed 
which  form  insoluble  carbonates.  Most  frequently  there  is  used  a 
solution  of  lime  or  calcium  hydroxide,  Ca(OH).,,  which  forms  with  the 
dibasic  carbonic  acid  the  salt  CaC03,  or  calcium  carbonate.  This  is 
precipitated  from  the  solution  in  the  form  of  a white  powder,  and  by 
means  of  it  small  quantities  of  carbonic  acid  can  be  detected. 

The  formation  of  this  white  precipitate  is  sufficient  for  the  quali- 
tative proof  of  the  presence  of  carbonic  acid.  If  a quantitative  deter- 
mination has  to  be  made,  a measured  volume  of  the  lime  solution 
(lime  water),  the  strength  of  which  has  been  determined  by  titration 
with  an  acid  (p.  186),  is  taken,  and  after  the  reaction  has  occurred  the 
precipitate  is  allowed  to  settle,  and  the  amount  of  lime  remaining  is 
determined  in  a measured  portion  of  the  clear  liquid  ; the  difference  is 
a measure  of  the  carbon  dioxide  absorbed. 

Derivatives  of  Carbonic  Acid. — Although  carbonic  acid  itself 
is  not  known,  there  exist  not  only  a large  number  of  salts  which  are 
derived  from  it,  but  also  compounds  formed  by  the  replacement  of  its 
hydroxyls ; more  especially,  the  chlorides  and  amides  of  carbonic  acid 
are  known,  some  of  which  are  of  very  great  importance. 

If  carbonic  acid  be  written  as  a hydroxyl  compound,  there  are 
possible,  on  account  of  the  presence  of  two  hydroxyls,  two  chlorides 
and  two  amides,  exactly  as  we  found  in  the  case  of  sulphuric  acid 
(p.  302).  Represented  schematically,  we  have  the  following  com- 
pounds : — 
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All  these  substances  are  known,  some,  however,  only  in  the  form  of 
compounds. 

The  carbon  oxychloride,  COCl2,  or  carbonyl  chloride  (the  residue  CO 
is  called  carbonyl),  is  produced  directly  from  carbon  monoxide  (p.  394) 
and  chlorine,  by  mixing  these  two  gases  in  equal  proportions  and  ex- 
posing to  sunlight.  Here,  as  in  many  other  cases,  the  action  of 
chlorine  is  very  markedly  accelerated  by  the  influence  of  light.  To 
this  is  also  due  the  name  “ phosgene  gas  ” for  carbonyl  chloride. 
Since,  however,  the  compound  is  also  formed  without  the  aid  of  light, 
we  are  not  dealing  here  with  the  communication  of  a necessary  energy, 
as  in  the  case  of  the  reduction  of  carbon  dioxide  in  the  green  plants 
(p.  389),  but  merely  with  a case  of  acceleration ; the  light  acts  ‘ 
catalytically. 

In  defect  of  sunlight,  charcoal  can  also  be  used  as  cataly-ser  ; com- 
bination likewise  takes  place,  especially  on  passing  the  gaseous  mixture 
over  animal  charcoal. 

The  reaction  occurs  in  accordance  with  the  equation  CO  + Cl2  = 
COCl2.  That  is  to  say,  one  volume  of  each  of  the  two  components 
unites  to  form  one  volume  of  the  compound. 

Carbon  oxychloride  is  a colourless  gas  with  a suffocating  odour, 
and  can  be  readily  liquefied  by  means  of  a freezing  mixture ; it  boils, 
under  atmospheric  pressure,  at  + 8°. 

Carbon  oxychloride  behaves  chemically  as  a true  acid  chloride.  It 
is  decomposed  by  water,  forming  carbonic  acid  and  hydrochloric  acid, 
and  by  ammonia  with  formation  of  ammonium  chloride  and  the  amide 
of  carbonic  acid  (vide  infra). 

The  first  chloride  of  carbonic  acid,  or  chlorocarbonic  acid, 
C1COOH,  is  usually  called  chlorformic  acid,  since  the  correspond- 
ing hydrogen  compound,  the  monobasic  acid  HCOOH,  is  called  formic 
acid.  It  is  not  known  in  the  free  state,  but  only  as  a constituent  of 
more  complex  compounds  ; these  belong  to  organic  chemistry,  and  v ill, 
therefore,  not  be  treated  in  detail  here. 

Amides  of  Carbonic  Acid. — As  has  already  been  mentioned,  the 
amide  of  carbonic  acid  is  formed  by  the  action  of  ammonia  on  carbony 
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chloride,  in  accordance  with  the  general  reaction  as  represented  by 
the  equation  COC1,  + 4NH.,  - CO(NH2)2  + 2NH4C1.  These  two  sub- 
stances can  be  separated  by  treatment  with  alcohol,  in  which  the 
amide,  but  not  the  ammonium  chloride,  is  soluble,  and  the  carbonic 
acid  amide,  or  carbamide,  is  obtained  as  white  crystals  which  are 
soluble  in  water,  and  have  a cooling  and  somewhat  bitter  taste.  They 
have  no  saline  character,  and  their  aqueous  solution  does  not  conduct 
the  electric  current. 

The  same  substance  is  formed  in  the  bodies  of  the  mammals, 
especially  the  carnivora,  as  the  final  product  of  the  metabolism  of  the 
nitrogen  which  is  contained  in  the  food  and  consumed  in  vital  activity, 
and  leaves  the  organism  dissolved  in  the  watery  excretion,  the  urine. 
From  the  urine  of  the  carnivora,  after  being  concentrated,  it  mostly 
crystallises  directly ; from  that  of  the  omnivora,  especially  of  man,  it 
cannot  be  obtained  in  this  simple  way,  since  its  crystallisation  is 
! hindered  by  the  presence  of  other  substances.  To  the  concentrated 
liquid,  strong  nitric  acid  is  added  ; a difficultly  soluble  compound  is 
then  formed  which  crystallises  out,  and  from  which  the  substance  can 
be  easily  obtained  by  converting  the  nitric  acid  into  a salt  bjr  any 
base.  From  its  occurrence  in  urine,  the  compound  is  usually  called 
urea. 

As  amide  of  carbonic  acid,  urea  has  the  property  of  passing,  by 
combination  with  water,  into  the  ammonium  salt  of  carbonic  acid  : 
CO(NH2)2  + 2H20  = (NH4)2C03.  At  the  ordinary  temperature  this 
change  is  exceedingly  slow;  at  100°,  however,  appreciable  amounts 
of  ammonium  carbonate  are  formed  in  an  aqueous  solution  of  urea, 
and  if  acid  is  added,  the  transformation  proceeds  still  more  quickly, 
the  carbonic  acid  being  evolved,  and  the  corresponding  ammonium 
; salt  remaining  in  solution.  Strong  bases  have  a similar  action.  In 
putrefying  urine  ferments  are  present  which  have  been  formed  by  the 
• schizomycetes  which  vegetate  in  the  urine,  and  these  have  the  power 
of  accelerating  this  absorption  of  water  by  urea,  even  in  neutral 
' solution.  Sometimes  such  ferments  are  present  in  the  bladder  of  the 
living  organism  ; the  ammonium  carbonate  then  formed  has  a corrosive 
: action  on  the  organism,  and  can  cause  very  severe  illness. 

On  account  of  its  occurrence  in  the  animal  organism,  urea  was 
classed  with  the  organic  compounds  before  its  simple  relation  to 
carbonic  acid  had  been  discovered.  Since  the  organic  compounds  were 
formerly  regarded  as  being  produced  under  the  influence  of  a special 
i force,  the  vital  force,  the  actions  of  which,  it  was  assumed,  could  not 
i be  effected  outside  the  organism,  a great  sensation  was  caused  when, 

, m 1828,  F.  Wohler  discovered  a method  of  preparing  urea  artificially. 

■ This  consists  in  the  transformation  which  the  ammonium  salt  of  cyanic 

acid  experiences  in  aqueous  solution,  and  will  be  described  somewhat 

p later. 

This  first  “ synthesis  ” of  an  organic  compound  was  followed  later 


394 


PRINCIPLES  OF  INORGANIC  CHEMISTRY 


CHAl*. 


by  innumerable  others,  and  although  by  no  means  all  the  compounds 
which  occur  in  animals  and  plants  have  as  yet  been  artificially  pro-  { 
pared,  still  in  the  work  which  has  been  directed  towards  this  end,  no  j 
circumstance  has  been  encountered  which  makes  it  improbable  that,  on  I 
more  thorough  investigation,  it  will  be  possible  to  artificially  preparer 
all  the  constituents  of  the  organisms. 

nh2 

The  other  amide  of  carbonic  acid  has  the  formula  CO  ; it  is, , 

OH 

therefore,  an  acid,  and  is  called  carbamic  acid. 

Carbamic  acid  itself  is  not  known.  Its  salts  are  produced  when 
ammonia  and  carbon  dioxide  come  together  in  presence  of  bases.>, 
Thus,  the  calcium  salt  is  obtained  by  adding  ammonia  to  calcium 
hydroxide  and  passing  carbon  dioxide  into  the  mixture.  Since’ 
calcium  carbamate,  Ca(OCONH2)2,  is  soluble  in  water,  while  calcium 
carbonate  is  not,  the  formation  of  a soluble  calcium  salt  in  the  above} 
circumstances  is  a proof  of  the  formation  of  the  new  salt. 

The  ammonium  salt  of  carbamic  acid  is  formed  as  a white  crystal-  j 
line  mass  on  bringing  ammonia  and  carbon  dioxide  together.  This,-! 
can  be  carried  out  directly  with  the  two  gases,  or,  more  conveniently,  .1 
the  gases  are  passed  into  anhydrous  alcohol,  in  which  the  ammonium  j 
carbamate  soon  separates  out  as  an  insoluble  solid. 

In  accordance  with  the  formula  of  the  acid,  the  composition  of  the  a 
salt  is  given  by  the  formula  NH4OCONH2-  If  we  write  the  summed  i 
formula  we  obtain  C02N2H6,  i.e.  the  sum  of  one  mole  carbon  dioxide  ; 
and  two  moles  ammonia.  This  is  the  explanation  why  the  salt  can  be> 
formed  directly  by  the  union  of  the  two  gases. 

By  themselves,  the  carbamates,  even  in  aqueous  solution,  are  fairly  i 
stable,  especially  when  the  solution  has  an  alkaline  reaction.  If,  how- 
ever, the  liquid  is  acidified,  an  ammonium  salt  is  formed  and  carbon  t 
dioxide  is  liberated.  This  reaction  is  represented  by  the  equation.1 
HOCONH.,  = NH3  + CO.,,  which  shows  that  carbamic  acid  can  pass--; 
directly  into  ammonia  and  carbon  dioxide. 

Carbon  Monoxide. — When  coal  is  burned  in  a restricted  supply 
of  air,  a gas  is  formed  which  can  burn  in  the  air  with  a characteristics 
blue  ’flame,  forming  carbon  dioxide.  This  phenomenon  is  easily 
seen  in  a coal  fire.  When  most  of  the  hydrogen  compounds  present 
have  been  burned,  and  the  coal  has  become  quite  incandescent, 
the  coal  lying  at  the  foot  of  the  grate  which  comes  into  contact  with 
the  entering  air,  burns,  it  is  true,  to  carbon  dioxide,  but  this  gas,  |n 
passing  through  the  upper  layer  of  glowing  coal  is,  in  accordance  with 
the  equation  C02  + C = 2C0,  reduced  to  the  compound  CO,  which 
represents  the  above  combustible  gas.  At  the  top  of  the  glowing, 
layer,  where  abundance  of  air  can  again  find  access,  the  gas  burns  to 
dioxide  with  the  above-mentioned  blue  flame.  . 

This  compound,  therefore,  can  be  obtained  by  passing  carbon 
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dioxide  over  strongly  heated  charcoal.  Since  in  this  process  much 
heat  is  taken  up,  this  must  be  communicated  from  without,  i.e.  the 
tube  must  be  strongly  heated.  If  the  issuing  gas  is  passed  through  a 
solution  of  caustic  soda,  the  carbon  dioxide  which  remains  undecom- 
posed is  absorbed,  and  the  residue  is  pure  carbon  monoxide. 

Carbon  monoxide  is  a colourless  gas  with  the  molar  weight  28  ; 
it  must,  therefore,  have  the  formula  CO.  The  density  is  equal  to  that 
i of  nitrogen,  and  most  of  the  physical  properties  of  the  two  equally 
! dense  gases  also  show  close  agreement.  Thus,  the  critical  magnitudes 
I are  : — 

Carbon  monoxide.  Nitrogen. 

Critical  temperature  . . . -140°  -146' 

Critical  pressure  . . . . 36  atm.  35  atm. 

Critical  molecular  volume  . . — 103  cc. 

The  solubility  of  the  two  gases  in  water  is  also  equally  small. 

Of  the  special  properties  of  carbon  monoxide,  its  poisonousness 
should  be  mentioned,  which,  in  certain  circumstances,  makes  it  a very 
dangerous  substance.  This  depends  on  the  fact  that  the  gas  can  com- 
bine to  form  a very  stable  compound  with  haemoglobin,  the  colouring 
matter  of  the  red  blood  corpuscles.  Now,  haemoglobin  has  the  function 
of  taking  up  the  oxygen  inspired  into  the  lungs  and  of  conveying  it 
i through  the  blood  canals  to  the  parts  of  the  body  where,  by  its  oxidis- 
ing action  on  the  different  tissues  and  their  constituents,  it  maintains 
vital  activity.  But  if  the  haemoglobin  combines  with  carbon  monoxide, 
it  loses  the  power  of  taking  up  oxygen,  and  precisely  the  same  effects 
supervene  as  on  suffocation. 

Such  cases  of  carbon  monoxide  poisoning  easily  occur  when  coal  is 
burned  in  a stove  which  has  an  insufficient  outlet,  or  if  this  outlet  be 
: closed.  Every  year  such  cases  of  poisoning  occur  through  closing  the 
1 stove  register  too  soon.  Carbon  monoxide  poisoning  may  also  be 
occasioned  by  coal  gas,  which,  on  an  average,  contains  0T  of  its  volume 
of  carbon  monoxide.  Certain  kinds  of  gas  which  are  obtained  by  the 
1 action  of  steam  on  heated  charcoal  (water  gas)  contain  much  more 
carbon  monoxide,  and  their  use  in  daily  life  is,  therefore,  not  without 
objection. 

The  presence  of  carbon  monoxide  can  be  detected  by  the  fact 
that  it  is  so  readily  absorbed  by  haemoglobin.  If  the  gas  to  be 
investigated  is  passed  into  a solution  of  the  colouring  matter  of  the 
blood,  the  presence  of  carbon  monoxide  is  shown  by  the  appearance  of 
■ two  characteristic  bands  in  the  absorption  spectrum  of  the  colouring 
matter.  These,  it  is  true,  appear  similar  to  those  produced  by  oxygen, 
but  they  can  be  distinguished  from  the  latter  by  the  fact  that  on  addi- 
tion of  reducing  agents  ( e.g . sodium  sulphide)  they  do  not  disappear, 
whereas  the  oxygen  bands  do. 

With  oxygen,  carbon  monoxide  burns  to  dioxide  in  accordance  with 
the  equation  2CO  + 02  = 2C02.  Two  volumes,  therefore,  of  the  mon- 
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oxide  unite  with  one  volume  of  oxygen  to  yield  two  volumes  of 
carbon  dioxide,  and  in  this  respect  the  relations  correspond  exactly  to  ; 
those  of  detonating  gas  obtained  from  hydrogen  and  oxygen.  With 
oxygen  or  air,  carbon  monoxide  also  yields  a detonating  gas  or 
explosive  mixture,  which,  however,  burns  much  less  violently  than  the ' 
former. 

This  is  not  in  any  way  due  to  a smaller  development  of  heat,  the 
heat  of  combustion  being  in  both  cases  almost  exactly  the  same,  for 
it  amounts  to  284  Tcj  for  one  mole  of  carbon  monoxide,  and  286  kj 
for  one  mole  hydrogen.  The  cause  is  that  the  velocity  with  which 
the  process  of  combustion  is  propagated  in  the  explosive  mixture, 
is  much  smaller  in  the  case  of  the  carbon  monoxide  and  oxygen  than 
of  the  hydrogen  and  oxygen  mixture. 

This  velocity  is  greatly  increased  by  the  presence  of  a trace  of 
water  vapour.  In  the  case  of  the  carbon  monoxide  mixture  which  has 
been  carefully  dried  with  phosphorus  pentoxide,  the  velocity  is  so  small 
that  it  is  not  possible  to  bring  about  ignition  by  means  of  an  electric 
spark ; a mixture  of  perfectly  dry  carbon  monoxide  and  oxygen 
appears  to  be  incombustible  in  such  a way.  If,  however,  the  mixture 
is  heated  from  without,  combination  takes  place. 

* The  same  behaviour  is  evidenced  by  the  fact  that  a jet  of 
carbon  monoxide  burns  in  moist  air  with  the  well-known  blue  flame, 
but  is  extinguished  when  it  is  brought  into  dry  oxygen,  whereas  it 
continues  to  burn  in  the  moist  gas. 

* All  these  are  catalytic  actions.  The  assumption  occasionally 
expressed  that  intermediate  products  are  formed  with  the  water,  has  ■ 
not  been  proved ; it  may  be  right,  but  the  mere  assumption  contri- 
butes nothing  to  the  explanation  of  the  phenomenon  itself. 

Water  Gas. — The  great  advantages  possessed  by  gaseous  fuel 
with  respect  to  completeness  of  combustion  and  power  of  regulating 
the  flame,  have  given  rise  to  many  experiments  to  prepare  such  a gas, 
with  as  small  a loss  as  possible,  from  the  solid  material,  coal  or  lignite. 

A very  promising  reaction  was  found  in  the  action  of  water  vapour  ' 
on  charcoal,  corresponding,  according  to  circumstances,  to  one  or  other 
of  the  equations 

C + H.,0  = CO  + H, 

C + 2H“0  = 2H,  + CO,. 


In  the  former  case,  charcoal  and  water  vapour  are  converted  into  car- 
bon monoxide  and  hydrogen,  in  the  latter,  into  carbon  dioxide  and 
hydrogen.  Of  the  two  reactions,  the  former  predominates  at  high 
temperatures,  while  the  second  is  favoured  by  a lowering  of  the 

temperature.  , 

Neither  of  the  two  reactions  can  take  place  spontaneously,  for  each 
is  accompanied  by  an  absorption  of  heat,  amounting  in  the  fiist  case  to 
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133  kj,  and  in  the  second  to  91  kj.  The  communication  of  the 
necessary  energy  in  some  form  must,  therefore,  be  provided  for.  One 
method  consists  in  raising  the  coal  to  a high  temperature  by  combus- 
tion with  the  help  of  an  air-blast,  and  then  passing  in  steam ; when 
the  temperature  has  again  sunk  so  low  that  the  reaction  would  cease, 
air  is  again  injected,  and  the  processes  are  repeated  alternately.  In 
these  operations,  care  must  be  taken,  by  reversing  the  conducting 
tubes,  that  the  mixture  of  carbon  dioxide  and  nitrogen  formed  in  the 
heating  process  does  not  'mix  with  the  combustible  gas  formed  in 
another  period  of  the  process. 

The  second  method  consists  in  mixing  the  steam  with  as  much  air 
as  is  necessary  to  maintain  the  temperature.  The  process  is  in  this 
Avay  a continuous  one,  and  therefore  much  simpler,  but  the  gas  pro- 
duced has  the  disadvantage  that  it  contains  a fairly  large  amount  of 
carbon  dioxide  and  nitrogen  mixed  with  it,  and  therefore  does  not 
allow  of  such  high  temperatures  being  attained  as  the  pure  “ water 
! gas.” 

On  account  of  the  very  poisonous  nature  of  carbon  monoxide,  it 
i will  always  be  better  to  aim  at  producing  a gas  which  contains  as 
little  carbon  monoxide  as  possible  and  a correspondingly  larger  amount 
of  hydrogen.  This  is  the  same  as  saying  that  the  operations  should  be 
: carried  out  at  as  low  a temperature  as  possible. 

Formic  Acid. — Carbon  monoxide  can  be  regarded  as  the  anhydride 
of  an  acid  which  is  called  formic  acid  (CO  + H20  = HCOOH),  because  it 
i was  first  observed  in  the  acid  liquid  which  ants  squirt  out  for  defen- 
sive purposes.  Still,  no  appreciable  amount  of  formic  acid  is  formed 
i when  carbon  monoxide  and  water  are  brought  together.  The  sodium 
salt,  or  sodium  formate,  however,  is  obtained  when  carbon  monoxide 
is  passed  over  gently  heated  caustic  soda.  The  reaction  is  CO  + NaOH 

!=  HCOONa. , 

As  is  seen  from  the  formula  of  the  sodium  salt,  formic  acid  is  a 
i monobasic  acid  in  spite  of  the  fact  that  it  contains  two  combining 
j weights  of  hydrogen.  One  of  these  is  not  capable  of  being  replaced  by 
i metals,  the  other,  however,  can  be  so  very  well.  Formic  acid  cannot 
even  be  called  an  acid  of  medium  strength,  although  it  approaches  very 
t>!  near  to  one. 

Free  formic  acid  can  be  easily  obtained  by  the  distillation  of  the 
* sodium  salt  with  sulphuric  acid.  It  is  rather  difficult  to  remove  the 
last  traces  of  water  from  it,  since  it  readily  decomposes  again  into 
water  and  carbon  monoxide.  It  is  best  effected  by  allowing  the  fairly 
j concentrated  acid  to  partially  solidify ; an  anhydrous  acid  then 
crystallises  out  and  a more  watery  mother  liquor  remains.  Pure  formic 
1 acid  melts  at  8-6°;  at  the  ordinary  temperature  it  is  a colourless  liquid 
with  corrosive  smell  and  action,  which  dissolves  in  water  in  all  pro- 
portions and  reacts  strongly  acid.  With  bases  or  metals,  it  forms  salts 
which  are  mostly  easily  soluble  in  water ; by  oxidising  agents,  it  is 
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readily  oxidised  to  carbon  dioxide:  HCOOII  + 0 = CO.,  + H.,0.  It 
acts,  therefore,  with  respect  to  some  substances,  as  a reducing  agent,  . 
and  it  precipitates,  more  especially,  the  noble  metals  such  as  gold  and 
platinum,  but  also  silver  and  mercury,  from  their  salts. 

Formic  acid  is  usually  classed  with  the  organic  acids  because  it  is  L 
the  first  member  of  a large  series  of  similar  acids  which  differ  from  it 
in  the  fact  that  the  non-ionisable  hydrogen  is  replaced  by  the  atomic 
group  CnH2)l+1  ( n being  a whole  number) ; in  the  simplest  case,  there- 
fore, by  CH3.  The  acid  which  is  formed  from  formic  acid  by  the 
introduction  of  CH3  in  place  of  hydrogen,  is  called  acetic  acid;  it  has-| 
the  composition  CH3COOH  = HC202H3,  and  is  monobasic  like  formic 
acid.  Since  acetic  acid  is  readily  formed  from  organic  substances,  it  i 
is  one  of  the  longest  known  acids,  and  in  most  languages  it  has  given 
the  name  to  the  group  of  the  acids. 

Acetic  acid  has  similar  properties  to  formic  acid ; it  does  not, 
however,  exhibit  the  reducing  actions  of  the  latter,  but  is  exceedingly 
stable  towards  oxidising  agents.  It  is  a colourless  liquid  which  solidi- 
fies (when  supercooling  is  avoided)  at  17’5°,  and  which,  on  account  of  i 
the  ice-like  appearance  of  the  crystals,  is  called  glacial  acetic  acid.  It  t 
mixes  with  water  in  all  proportions,  yielding  solutions  of  an  acid  taste. 

A solution  containing  about  3 per  cent  of  acetic  acid  is  used  for  house-  ■[ 
hold  purposes  under  the  name  vinegar.  In  the  laboratory  also,  acetic 
acid  is  often  used  in  cases  where  it  is  necessary  to  have  an  acid  which 
is  much  weaker  than  the  mineral  acids,  hydrochloric  or  sulphuric  acid,  ' 
but  which  has  nevertheless  a distinct  acid  character  and  does  not : 
readily  yield  to  other  chemical  attacks. 

Hydrogen  Compounds  of  Carbon. — The  number  of  compounds 
which  carbon  forms  with  hydrogen  is  exceedingly  great.  The  treat- 
ment of  these  belongs  to  organic  chemistry,  and  only  a few  of  the  most  i 
important  of  the  compounds  of  this  group  will  be  mentioned  here,  and  . 
their  relations  to  the  other  simple  carbon  compounds  discussed. 

The  simplest  of  all  the  substances  of  this  group  is  the  compound 
CH4,  which,  from  its  occurrence,  goes  by  the  name  of  marsh-gas  or 
fire-damp  ; its  systematic  name  is  methane.  It  is  a component  of  the  s| 
gases  which  are  evolved  from  decaying  vegetation  at  the  bottom  of  f 
stagnant  waters.  The  gas  is  also  frequently  found  in  coal  mines ; it  t 
generally  occurs  shut  up  in  cavities  under  some  pressure,  and  escapes  • 
when  these  are  opened  in  the  mining.  The  name  methane  is  derived 
from  the  relation  which  the  gas  bears  to  methyl  alcohol  (vide  infra)  or 

wood  spirit.  . , 

Methane  is  a colourless  and  odourless  gas,  having  the  molar  weignt 
16;  it  is  slightly  absorbed  by  water,  and,  in  its  properties,  greatly 
resembles  the  simple  gases  nitrogen  and  hydrogen.  It  burns  with  a j 
feebly  luminous  flame,  and  forms  an  explosive  mixture  when  mixed 
with  oxygen  or  air.  Such  mixtures  are  readily  formed  in  coal  mines, 
and  do  great  damage  when  by  any  means  they  are  ignited. 
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From  the  equation  of  combustion,  CH4  + 202  = C02  + 2H20,  it  is 
seen  that  one  volume  of  methane  requires  two  volumes  of  oxygen,  and 
r therefore  ten  volumes  of  air,  for  its  combustion.  In  order  that  a 
mixture  shall  remain  explosive  it  must  contain  not  less  than  six  and  not 
more  than  fourteen  volumes  of  air  to  one  volume  of  methane.  Mixtures 
lying  outside  these  limits  can,  indeed,  be  caused  to  react  by  heating, 
but  they  no  longer  explode,  because  the  flame  is  extinguished  even 
when  ignition  has  been  effected  at  one  point. 

The  cause  of  this  is,  that  in  a mixture  consisting  of  oxygen  and  a 
combustible  gas,  the  ignition  is  propagated  with  very  different 
velocities,  depending  greatly  on  the  nature  of  the  gas  and  the  ratio 
in  which  they  are  mixed.  That  ignition  is  propagated  at  all,  is 
due  to  heat  being  developed  by  the  combustion.  If  this  is  sufficient 
to  raise  the  temperature  of  the  adjacent  unburnt  gas  so  high  that 
its  temperature  of  rapid  combustion  is  reached,  the  process  is  continued 
from  point  to  point,  and  rapid,  explosive  combination  is  the  result. 
If,  however,  through  the  addition  of  a foreign  gas  or  excess  of  a gas, 
the  temperature  -is  so  far  lowered  that  the  heat  developed  in  unit  of 
time  is  no  longer  sufficient  to  cover  the  losses  due  to  cooling  at  the 
walls  of  the  vessel,  radiation,  etc.,  then  the  temperature  must  fall,  the 
■.  velocity  diminishes,  the  temperature  falls  still  more,  and  the  reaction 
- stops.  It  must  be  possible,  therefore,  to  reduce  every  explosive  gas 
mixture  to  the  limits  of  combustibility,  and  beyond  them.  This  is,  as 
a matter  of  fact,  the  case.  But  the  influence  of  different  gases  depends 
I not . only  on  their  capacity  for  heat,  as  might  be  supposed  from  what 
; has  been  said,  but  also  on  their  specific  nature.  This  is  explained  by 
the  fact  that  the  gases  added  act  not  only  on  the  temperature  but  also 

■ on  the  velocity  of  reaction.  Since  explosive  combustion  is  influenced 
by  the  one  as  well  as  by  the  other  magnitude,  no  one  of  them  can 
alone  determine  the  limit  of  combustibility. 

Derivatives  of  Methane. — From  methane,  numerous  compounds 

■ can  be  derived  which  are  formed  from  it  by  substitution.  In  other 

■ words,  they  are  compounds  in  which  one  or  more  hydrogens  of 
methane  are  replaced  by  other  elements  or  groups  of  elements.  This 
kind  of  mutual  relationship  is  very  general  in  the  case  of  the  carbon 
compounds  or  the  organic  compounds,  and  a complete  system  of  all 

j organic  substances  can  be  built  up  by  imagining  them  to  be  formed 
i from  one  another  by  substitution. 

The  processes  here  considered  must  be  carefully  distinguished  from 
‘the  process  of  salt  formation,  in  which  hydrogen  is  also  substituted. 
[.'Whereas  in  the  case  of  the  acids,  by  no  means  all  the  hydrogen  can 
i >be  replaced,  in  the  case  of  organic  compounds,  all  the  hydrogen  can  be 
substituted.  Further,  whereas  the  acid  hydrogen  can  be  replaced  only 
f by  metals  or  metal-like  groups,  the  hydrogen  of  organic  compounds 
[ can  be  replaced  by  the  most  different  elements  or  groups.  Finally, 
the  compounds  which  are  formed  in  the  case  of  the  organic  substances 
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sire  not  salts,  but  undissociable  or  indifferent  compounds.  It  is,  of  : 
course,  not  excluded  that  organic  substances  may  also  yield  acids,  ! 
bases,  and  salts,  but  the  formation  and  transformation  of  these  follow  i 
the  same  laws  as  in  inorganic  chemistry.  With  the  organic  coni-  ; 
pounds,  both  kinds  of  processes,  salt  formation  and  substitution,  may* 
occur,  correspondingly  different  substances  being  produced. 

Thus,  for  example,  the  following  compounds  are  successively  ■ 
obtained  by  the  action  of  chlorine  on  methane  (under  the  influence^ 
of  sunlight) : — 

Methyl  chloride  CH3C1 

Methylene  chloride  CH2C12 

Chloroform  CHC1;, 

Tetrachlormethane  CC14 

All  these  substances  are  formed  from  methane,  the  hydrogen  beings 
replaced  step  by  step  by  chlorine.  Further,  all  are  indifferent  or  ■ 
non-saline  substances.  Their  properties  change  gradually  with  the 
increase  in  the  amount  of  chlorine,  as  is  shown  in  the  following. 


table  : — 

Methyl  chloride 
Methylene  chloride 
Chloroform  . 
Tetrachlormethane 


Density. 

Boiling  point. 

0-9523 

-23-7“ 

1-3778 

+ 41-6° 

1-5264 

61-2° 

1-6320 

76-7° 

All  these  substances  are  only  slightly  soluble  in  water.  The  t ! 
solutions  do  not  exhibit  any  of  the  reactions  of  chloridion,  i.e.  ontjj 
addition  of  silver  nitrate  they  remain  clear.  Also,  neither  the  ■ 
solutions  nor  the  pure  substances  possess  the  propel ty  of  conducting  _ 
the  electric  current. 

The  derivatives  of  methane  containing  bromine  or  iodine  in  place 
of  hydrogen,  are  perfectly  similar ; their  properties  also  undergo  a • 
gradual  change  with  increase  in  the  amount  of  halogen.  On  the  other 
hand,  if  the  corresponding  chlorine,  bromine,  and  iodine  compounds  - 
are  arranged  in  a series,  a similar  gradation  of  properties  is  observed.  1 
This  is  shown,  for  the  densities,  in  the  following  table : — 


Simple  substitution 
Double  ,, 

Triple  , , 

Quadruple  ,, 


Chlorine.  Bromine.  Iodine. 

0- 952  1-664  ' 2-199 

1- 378  2-084  3-342 

1-526  2-900  4-008 

1-632  - 4-32 


Radicles.— Considering  the  compounds  just  described,  CH4. 
CH  Cl  CIRCl.,,  CHCL,  and  CC14,  we  can  formally  regard  the  latter 
as  chlorides  of  “the  groups  CH3,  CH  CH,  and  C Of  these  the  first- 
is  combined  with  one,  the  second  with  two,  the  third  with  three,  an 
the  fourth  with  four  combining  weights  of  chlorine.  Just  as  w 
called  a metal  which  can  combine  with  two  combining  weights 
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chlorine,  divalent,  so  we.  may  call  the  group  CH2  divalent,  and  CH 
trivalent ; in  this  sense,  carbon  is  tetravalent. 

It  is  a remarkable  fact  that  hydrogen  and  the  halogens  do  not 
form  any  other  compounds  with  carbon,  containing  only  one  combining 
weight  of  this  element,  than  the  ones  mentioned.  In  other  words,  in 
all  these  compounds  carbon  is  tetravalent,  for  the  number  of  the 
combining  weights  of  hydrogen  and  the  halogens  together,  is  always 
equal  to  four. 

On  the  other  hand,  the  group  CH3  can  be  regarded  as  monovalent 
because  it  can  combine  with  still  one  combining  weight  of  hydrogen  or 
halogen ; alone,  it  is  incapable  of  existing.  Likewise,  the  group  CH., 
is  divalent,  and  so  on. 

The  monovalent  group  CH3  is  called  methyl,  the  divalent  CH., 
ji  methylene,  the  trivalent  CH  methenyl. 

Of  these  groups  or  radicles,  the  first  is  the  niost  important,  for  it 
: forms  by  far  the  most  derivatives.  Such  compounds  are  formed  not 
only  by  the  replacement  of  hydrogen  by  other  elements,  such  as  the 
. 1 halogens,  but,  instead  of  elements,  monovalent  radicles,  such  as 
hydroxyl  or  amidogen,  may  replace  hydrogen  and  give  rise  to  corre- 
• sponding  compounds.  The  number  of  such  radicles  is  very  great,  for 
every  existing  compound  can,  by  the  loss  of  one  combining  weight  of 
hydrogen  or  another  element,  pass  into  a monovalent  radicle. 

Methyl  Alcohol. — Of  these  compounds,  one  of  the  most  important 
is  that  with  hydroxyl,  CH3OH,  which  is  called  methyl  alcohol.  Formerly, 
f the  name  alcohol  was  used  to  designate  only  spirit  of  wine,  the  volatile 
f constituent  of  intoxicating  beverages.  It  afterwards  became  a class 
name,  and  the  hydroxyl  compounds  of  the  hydrocarbon  radicles 
_ generally  are  called  by  the  name  alcohol. 

Methyl  alcohol  is  formed,  along  with  many  other  volatile  sub- 
| stances,  by  the  dry  distillation,  i.e.  by  the  heating,  of  wood.  It  is 
r - separated  from  the  mixture  by  fractional  distillation,  and  in  the  pure 
lii-  state  is  a colourless  liquid  with  a feeble  odour  and  having  the  density 
K.0‘796.  It  is  combustible  and  dissolves  in  water  in  all  proportions. 
Its  boiling  point  is  66°. 

rj  i Methyl  alcohol  is  a type  of  the  alcohols.  These  are  indifferent 
!;  liquids,  reacting  neither  acid  nor  alkaline  with  vegetable  colours,  whose 
i'  aqueous  solutions  do  not  appreciably  conduct  the  electric  current,  and 
which  are  therefore  not  dissociated  into  ions.  The  alcohols  can  be 
mixed  with  acids  without  immediate  combination  taking  place.  If 
the  two  substances,  however,  remain  mixed  for  a lengthened  period, 
i interaction  slowly  occurs,  the  course  of  which  is  quite  similar  to  that 
of  salt  formation.  Thus,  from  methyl  alcohol  and  hydrochloric  acid, 
methyl  chloride  (p.  400)  and  water  are  formed,  and  the  corresponding 
i equation  of  reaction,  CH3(OH)  + HCl  = CHgCl  + H20,  has  an  appear 
1 ance  quite  similar  to  that  of  a salt  formation,  the  methyl,  CH  nlavinrr 
i the  part  of  a cation.  3 ‘ ° 
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However,  the  product  of  the  action,  the  methyl  chloride,  is  no  salt 
in  the  ordinary  sense.  As  is  seen  from  the  statement  of  its  properties  - 
given  on  p.  400,  it  is,  at  the  ordinary  temperature,  a gas  which  is  con- 
verted into  a colourless  liquid  only  at  - 2 3 -7°.  Its  aqueous  solution 
does  not  conduct  the  electric  current  at  all,  and  on  the  addition  of'iH 
silver  solution,  no  precipitate  of  silver  chloride  is  formed,  so  that  no  j 
demonstrable  amount  of  chloridion  is  present. 

If,  however,  the  silver  solution  is  left  very  long  in  contact  with:  1 
methyl  chloride,  silver  chloride  begins  to  slowly  separate  out.  One  is,  ' 
therefore,  led  to  suppose  that  chloridion  is  indeed  present  in  the  i 
aqueous  solution,  but  in  exceedingly  slight  amount.  By  the  long.:! 
continued  action  of  the  silver  solution  the  amount  of  chloridion  is  - 
finally  so  far  increased  that  silver  chloride  can  be  precipitated. 


In  fact,  the  most  appropriate  view  of  this  kind  of  compound  is 
that  besides  the  outward  similarity  between  the  alcohols  and  the- 
bases,  and  between  their  acid  compounds  and  the  salts,  there  exists  an 1 
inner  resemblance  which  is  masked  by  the  following  circumstances. 
First,  the  dissociation  of  these  substances  into  ions  is  so  exceedingly 
small  that  it  cannot  be  detected  by  the  ordinary  means.  Secondly, 
the  processes  of  dissociation  into  and  recombination  of  the  ions  takes 
place  disproportionately  slower  in  the  case  of  these  substances  (chiefly  * 
just  by  reason  of  the  extraordinarily  small  concentration  of  their  ions)  ji 
than  in  the  case  of  the  typical  bases  and  salts.  It  is  suitable,  there- 
fore, not  only  to  retain  the  name  alcohol  for  the  hydroxyl  compounds,  : 
but  also  to  call  their  acid  derivatives  not  salts,  but  to  introduce  a. 
special  name  for  them.  They  are  called  esters.  Methyl  chloride  is, 
therefore,  the  hydrochloric  acid  ester  of  methyl  alcohol. 

The  Radicle  Methyl  and  Homologous  Series.— From  methane,  j 
CH4,  which  is  a “saturated”  compound,  there  is  formed,  by  loss  of- 
hydrogen,  a monovalent  radicle  which  has  the  composition  CH3,  and  is  - 
called°methyl.  It  does  not  exist  alone  any  more  than  hydroxyl  does ; J 
but  as  a constituent  in  organic  compounds  it  plays  a very  important 


| JCAjL  u. 

This  follows  from  the  fact,  discovered  empirically,  that  those  com-: 
pounds  in  organic  chemistry  which  may  be  regarded  as  being  formed  i 
by  the  replacement  of  hydrogen  by  methyl,  possess  a very  great 
resemblance  to  the  parent  compound.  An  example  of  this  we  have 
already  met  with  in  the  case  of  formic  and  acetic  acids.  If  we 
compare  the  two  formulae  HCOOH  and  CHgCOOH,  which  represent  i 
these  two  acids,  we  see  that,  as  a matter  of  fact,  acetic  acid  can  be  4 
derived  from  formic  acid  by  imagining  the  first  hydrogen  of  its  formula 

replaced  by  methyl.  , ir 

Such  a method  of  derivation  can  be  employed  in  the  case  ol  all 

organic  compounds  containing  hydrogen.  This  can,  in  the  first  - 
instance,  be  done  for  methane  itself,  and,  in  this  way,  there  iss 
obtained  from  methane  CH4  the  compound  CH3  . CH3,  which  is 
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culled  ethane.  In  this  compound,  the  same  change  can  be  carried 
out,  and  we  obtain  propane,  CH3  . CH2 . CH.r  Evidently,  there  is  no 
theoretical  limit  to  this  substitution,  and,  indeed,  hydrocarbons  of 
this  kind  are  known  up  to  C10  and  over.  Petroleum  consists  of  hydro- 
; carbons  of  this  class. 

On  writing  the  summed  formulae  of  those  hydrocarbons,  we  obtain 
the  series  CH,,  C2H6,  C3HS,  C4H10,  and  so  on.  Each  successive  hydro- 
carbon differs  from  the  previous  one  by  CH2,  one  hydrogen  being 
eliminated  each  time  and  CH8  introduced  instead.  Such  a series  of 
. similar  compounds  which  can  be  derived  from  one  another  by  the 
substitution  of  methyl  for  hydrogen,  is  called  an  homologous  series. 

Besides  the  homologous  series  of  the  hydrocarbons,  there  is  one  of 
the  alcohols,  the  acids,  the  chlorides,  etc. 

Of  the  homologues  of  the  above  mentioned  substances,  we  may 
: mention  ethyl  alcohol , homologous  to  methyl  alcohol,  which  is  known 
under  the  name  of  spirit  of  wine,  alcohol,  or  spirit.  It  has  the  com- 
position CH;jCH2OH  or  C2H0O,  and  can  be  derived  from  methyl 
. alcohol  by  imagining  one  combining  weight  of  hydrogen  replaced  by 
: methyl. 

Ethyl  alcohol  is  prepared  in  very  large  quantities  by  the  fermen- 
tation of  sugar  and  substances  containing  sugar.  These  have  the 
composition  C6H1206,  and  decompose,  under  the  influence  of  a catalytic 
agent  which  is  secreted  by  various  organisms,  especially  by  yeast,  into 
alcohol  and  carbon  dioxide,  according  to  the  equation  CgHj.,0,;  = 
2C2HgO  + 2C02.  From  the  mixture  produced,  the  ethyl  alcohol  is 
separated  in  the  pure  state  by  distillation.  It  boils  at  80°. 

Ethyl  alcohol  is  a colourless  liquid  with  a feeble  smell  and  burning- 
taste.  For  the  organism  it  is,  when  concentrated,  an  acute,  when 
; diluted,  a slow  poison.  The  phenomena  of  incipient  poisoning  become 
first  of  all  evident  with  respect  to  the  brain,  and,  as  alcoholic  intoxica- 
tion, are  unfortunately  too  well  known. 

Alcohol  is  of  very  wide  application  in  the  arts.-  Apart  from  its 
[•occasional  use  as  a clean  fuel,  easy  to  regulate,  it  is  employed  as  a 
solvent  for  many  substances,  and  as  the  starting-point  for  innumerable 
ichemical  preparations.  It  dissolves  in  water  in  all  proportions,  rise  of 
t temperature  and  diminution  of  volume  thereby  occurring.  The  density 
:of  the  alcohol  and  water  mixtures  is  used  as  an  analytical  aid  in 
i determining  the  amount  in  solution,  and  a large  number  of  very  exact 
i determinations  of  this  have  been  made.  The  following  table  gives  a 
clear  summary  of  the  relations  at  15°: — 

Percentage  amount  of  alcohol 
by  weight. 

0 
10 
20 
30 
40 


Density. 

0-9914 

0-9755 

0-9634 

0-9495 

0-9317 
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Percentage  amount  of  alcohol 
by  weight. 

Density. 

50 

0-9108 

00 

0-8884 

70 

0-8652 

80 

0-8412 

90 

0-8160 

100 

0-7874 

Ether. — In  accordance  with  the  majority  of  its  reactions,  alcohol  < 
must  he  regarded  as  the  hydroxyl  compound  of  the  radicle  ethyl,  C.2H£l| , 
If  we  recollect  that  hydroxyl  is  derived  from  water  by  the  loss  of  on  . 
combining  weight  of  hydrogen,  it  follows  that  alcohol  can  also  |bij| 
regarded  as  a derivative  of  water,  one  combining  weight  of  hydrogei,) 
being  replaced  by  ethyl.  From  this  the  question  at  once  arises,  if  th 
second  combining  weight  of  hydrogen  in  water  cannot  also  be  replaced-^ 
by  ethyl  or  similar  radicles.  In  the  case  of  ethyl,  a compound 
0(C2H5)2  would  be  formed. 

Such  a compound  has  long  been  known ; it  is  called  ether.  SinctJ 
similar  substances  can  also  be  derived  from  methyl  and  the  othe  , 
radicles,  there  exists  a whole  class  of  ethers  of  different  composition’ 
which  one . distinguishes  by  stating  the  radicles  contained  in  them. 
Ordinary  ether,  0(C.,H5)2,  is  therefore  called,  by  its  scientific  name  - 1 
ethyl  ether. 

Ether  is  obtained  by  distilling  alcohol  with  concentrated  sulphurii 
acid.  If  the  summed  formulae  of  the  two  substances  are  compared,  the 
formula  of  alcohol  being  doubled,  viz.,  2C2HeO  or  and  C4H10OU 

it  is  seen  that  ether  contains  the  elements  of  water  less  than  two 
combining  weights  of  alcohol.  Ether  can,  therefore,  be  regarded  a:.t 
an  anhydride  of  alcohol,  and  the  action  of  the  sulphuric  acid  on  alcoho 
in  the  formation  of  ether  can  be  looked  upon  as  a withdrawing  oi 
water.  In  reality,  the  process  is  rather  more  complex,  but  into  that 

we  cannot  enter  here.  _ 0.j 

Ether  is  a colourless  liquid  whose  boiling  point  lies  as  low  as  34’6  . 
and  has  an  easily  recognisable,  sweetish  smell.  It  is  combustible,  and. 
on  account  of  its  high  vapour  pressure,  it  rapidly  evaporates  in  the 
open  air  with  great  lowering  of  temperature.  The  mixture  of  ether 
vapour  and  air  is  explosive.  Ether  has  a narcotic  action  on  the  human 
organism,  and  is  therefore  used  in  surgical  operations  to  product 
unconsciousness,  and  therefore  painlessness.  If  finely  divided  ether.' 
is  sprayed  on  a part  of  the  body,  the  latter  becomes  considerably 
cooled  by  the  cold  of  evaporation,  and  in  this  way  local  numbness  can 


^ PEther  is  a solvent  for  many  substances,-  e.g.  iodine  and  bromine,  as. 
well  as  oils  and  fats.  On  this,  likewise,  many  applications  of  ether 


depend 


one 


Unsaturated  Compounds.— Whereas  methyl,  or  methane  minus, 
hydrogen,  cannot  exist  alone,  substances  exist  which  have  bee  ■ 
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formed  from  the  saturated  compounds  by  the  loss  of  two  or  four 
combining  weights  of  hydrogen.  Under  certain  circumstances  these 
can  again  take  up  this  hydrogen,  and  they  are,  therefore,  called 
unsaturated  compounds. 

No  such  compound,  however,  is  formed  from  methane ; they  first 
begin  with  ethane.  The  hydrocarbon  C.,H4,  which  contains  two 
hydrogens  less  than  ethane,  C2Hc,  is  called  ethylene,  and  that  con- 
taining four  less,  C2H2,  is  called  acetylene. 

Ethylene  is  a colourless  gas  whose  critical  temperature  is  10°,  and 
which  forms  a constituent  of  ordinary  coal  gas.  In  the  latter  it  is 
very  valuable,  since  it  burns  with  a strongly  luminous  flame,  and 
therefore  very  materially  aids  in  producing  the  luminosity  of  the  gas 
flame.  In  consequence  of  its  containing  a comparatively  large  amount 
of  carbon,  the  pure  gas  burns  in  the  air  with  a somewhat  smoky  flame. 

Ethylene  is  most  easily  prepared  from  ethyl  alcohol  by  treating 
:the  latter  with  dehydrating  agents  (concentrated  sulphuric  acid).  The 
equation  of  the  reaction  is  C2H60  = C2H4  + H20.  The  greater  part  of 
the  alcohol  vapour  which  is  carried  over,  and  of  the  by-products  formed 
in  the  reaction,  is  removed  by  passing  the  gas  through  water. 

If  ethylene  is  brought  together  with  chlorine  or  bromine,  the  two 
i substances  unite  directly  to  form  the  compounds  C0H4C19  and  C2H4Br0 
j respectively.  These  are  saturated  compounds,  derivatives  of  ethane, 
C2H0,  in  which  two  hydrogens  are  replaced  by  chlorine  or  bromine ; 
they  may  also  be  obtained  directly  from  ethane  by  replacing  its 
hydrogen  by  halogen.  The  compounds  formed,  ethylene  chloride  and 
'ethylene  bromide,  are  oily  liquids;  on  account  of  this  reaction,  ethylene 
has  also  been  called  olefiant  (oil-forming)  gas. 

Acetylene  is  a colourless  and  odourless  gas  whose  importance  has  in 
recent  times  become  greatly  enhanced  by  reason  of  its  application  as 
an  illuminant.  It  has  the  composition  C2H9,  and  contains,  therefore, 
i four  hydrogens  less  than  ethane ; it  can,  accordingly,  unite  with  four 
combining  weights  of  chlorine  or  bromine  to  form  the  compounds 
C2H2C14  and  C2H2Br4  respectively,  which  can  be  regarded  as  substitu- 
tion compounds  of  ethane.  Of  the  two  reactions,  however,  only  the 
i second  takes  place  smoothly,  since  acetylene  and  chlorine  interact 
with  spontaneous  explosion. 

Acetylene  is  now  prepared  in  large  quantities  by  the  action  of 
water  on  calcium  carbide.  The  latter  is  a substance  produced  by  the 
, action  of  coke  on  lime  at  very  high  temperatures  (in  the  electrical 
nfurnace),  and  has  the  composition  CaC2 ; the  formation  of  acety- 
lene takes  place  according  to  the  equation  CaC0  + 2H90  - Ca(OH).,  + 
02H2. 

Acetylene  burns  in  air  with  a smoky  flame,  which  becomes  white 
^land  luminous  when  special  burners  are  employed,  in  which  a very  thin 
yT  flat  let  of  gas  can  burn  with  abundant  access  of  air.  The  illuminat- 
es Power  of  fc}lis  flame  is  very  great,  so  that  acetylene  can  be 
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advantageously  employed  for  illuminating  purposes,  especially  where || 
the  simplicity  of  the  generating  apparatus  is  a consideration.  The  1 1 
latter  consists  of  an  arrangement  similar  to  that  described  on  p.  86.-  I 
the  purpose  of  which  is  to  allow  the  water  to  come  into  contact  with  j 
the  calcium  carbide  only  in  proportion  as  the  gas  is  consumed. 

The  great  illuminating  power  of  the  acetylene  flame  is  due  to  its-  1 
high  temperature ; the  latter  is  due  to  the  fact  that  acetylene  is  U 
a substance  which  is  formed  from  its  elements  with  great  absorption  j t 
of  energy,  so  that  in  the  further  transformations,  this  excess  of  energy  j i 
is  set  free  as  heat.  For,  the  heat  of  combustion  of  acetylene  amounts’ jj 
to  1297  kj,  whereas  that  of  the  carbon  and  hydrogen  contained  in  it  i 
only  amounts  to  1012  kj.  The  difference  of  285  kj,  therefore,- i* 
becomes  free,  in  addition  to  the  heat  of  combustion  of  the  elements, 
and  hence  the  high  temperature. 

Connected  with  this  is  the  fact  that  acetylene  is  an  explosive*] 
substance.  If  in  a fairly  large  amount  of  acetylene  the  decomposi 
tion  of  the  gas  into  its  elements  is  brought  about  at  any  point,  the.;, 
temperature  at  the  point  of  reaction  will  rise  and  can  raise  the:, 
temperature  of  the  neighbouring  portions  of  acetylene  to  the  tem- . 
perature  of  rapid  decomposition.  This  process  spreads,  and  thus  the: 
whole  amount  of  the  gas  suddenly  decomposes. 

Experiments  made  on  this  point,  in  which  the  decomposition  was* 
initiated  by  means  of  electric  sparks  or  fulminating  pellets,  have  given 
the  following  results.  Acetylene  under  ordinary  atmospheric  pressure 
cannot  be  made  to  explode  completely.  By  the  means  employed,  theJ 
neighbouring  masses  of  the  gas,  it  is  true,  are  decomposed,  but  the. 
decomposition  is  not  propagated. 

Propagation  of  the  decomposition  begins  to  occur  only  at  a pressure 
of  about  2 atmospheres.  From  this  pressure  onwards,  and  the  more  so 
the  higher  the  pressure,  acetylene  becomes  an  explosive  substance, 
undergoing  decomposition  with  great  violence  when  decomposition  is?* 
started  by  any  means  at  some  point.  The  same  property  is  exhibited* 
by  liquid  acetylene.  Since  the  critical  temperature  of  this  gas  is  37 
and  the  critical  pressure  68  atm.,  the  liquefaction  of  the  gas  can  be* 
easily  accomplished.  This  operation  is  without  any  great  danger  if! 
carried  out  at  very  low  temperatures,  in  which  case  only  slight 
pressures  have  to  be  applied,  but  at  higher  temperatures,  with  corre-e 
spondingly  greater  pressures,  it  becomes  on  the  whole  very  dangerous,  - 
and  has  claimed  several  victims. 

Connected  with  the  great  absorption  of  energy  in  the  formation  . 
of  acetylene  from  its  elements,  is  the  fact  that  it  is  formed  fi01)1  e! 
latter  at  very  high  temperatures  (vide  p.  327).  For  example,  if  an 
electric  current  be  allowed  to  pass  between  two  carbon  poles  in  a space 
in  which  hydrogen  is  present  (Fig.  99),  the  latter  combines  with  tbe 

carbon  with  formation  of  acetylene. 

The  detection  of  acetylene  depends  on  its  power  of  yielding  pre 
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pit&tes  with  a solution  of  a monovalent  salt  of  copper,  or  of  a silver 
salt  in  excess  of  ammonia,  these  precipitates  being  the  carbon  com- 
pounds or  carbides  of  the  respective  metals.  The  silver  precipitate  is 
white,  the  copper  one  red.  In  the  dry  condition  both  explode  violently ; 
on  being  treated  with  acids  they  again  yield  up  the  acetylene. 

Coal  Gas. — The  combustible  gas  which  is  used  for  heating  and 
illuminating  purposes,  and  which,  under  the  name  of  coal  gas,  is  so 
widely  applied,  is  obtained  by  the  dry  distillation  of  coal  rich  in 
hydrogen.  The  coal  is  heated  in  tube -shaped  retorts,  and  the 
hydrogen  thereby  combines  with  part  of  the  carbon  to  form  volatile 
compounds  ; the  rest  of  the  carbon  and  the  ash  of  the  coal  remain 
behind  and  form  coke,  which  is  of  value  as  a fuel. 

The  volatile  products  are  a mixture  of  very  diverse  substances, 
which  can  be  divided,  in  the  first  instance,  into  three  chief  portions, 
according  to  varying  volatility.  As  least  volatile  portions,  there  first 
separate  the  gas  liquor  and  the  gas  tar.  These  two  are  not  soluble  in 


one  another,  and  can,  therefore,  be  separated  mechanically.  The  gas 
liquour  is,  essentially,  an  aqueous  solution  of  ammonium  carbonate  and 
other  ammonium  salts  ; it  is  worked  up  to  obtain  ammonia  by  dis- 
tilling it  with  the  addition  of  lime,  and  converting  the  ammonia  which 
is  evolved  into  ammonium  sulphate  with  sulphuric  acid. 

Gas  tar  is  a mixture  of  hydrocarbons  and  their  derivatives.  It 
serves  as  the  source  for  obtaining  benzene,  naphthalene,  and  anthracene 
— hydrocarbons  which  are  of  the  greatest  importance  for  the  prepara- 
tion of  artificial  dye  stuffs  and  medicaments  ; from  it  there  are  also 
obtained  phenol  (carbolic  acid)  and  compounds  related  to  it,  which  are 
used  for  purposes  of  disinfection  and  for  the  preparation  of  smokeless 
gunpowder.  Numerous  other  substances  are  present  in  gas  tar, 
which  are  used  as  crude  material,  so  that  it  may  be  designated  as  the 
most  important  starting  substance  in  the  chemistry  of  the  organic 
; compounds. 

The  working  up  of  the  gas  tar  is  also  carried  out  essentially  by 
fractional  distillation,  with  the  aid  of  lime  and  sulphuric  acid. 
The  details  of  this  belong  to  the  chemical  technology  of  the  organic 
1 compounds. 

The  gas,  which  is  evolved  at  the  same  time,  is  freed  by  cooling  and 
washing  from  the  tar  ; and  by  passing  it  over  a mixture  of  lime  and 
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oxide  of  iron,  the  sulphur  compounds  it  contains,  and  which,  by  reason 
of  the  formation  of  sulphur  dioxide  would  have  a baneful  effect  when 
the  gas  is  used  in  inhabited  rooms,  are  removed  ; it  is  then  stored  in 
large  gas-holders  for  distribution  through  the  network  of  tubes  to  the  i 
individual  consumers. 

Coal  gas  varies  considerably  in  composition,  according  to  the  i 
material  used  for  its  preparation.  Its  chief  constituents  are  hydrogen,  r 
methane,  carbon  monoxide,  and  some  hydrocarbons  richer  in  carbon, 
especially  ethylene,  benzene,  and  naphthalene.  The  latter  two  com-  j 
pounds  are  respectively  liquid  and  solid  at  the  ordinary  temperature ; 
they  can  mix  with  the  gas,  therefore,  only  in  amount  corresponding  to  j 
their  vapour  pressure,  and  again  separate  out  when  the  gas  experiences  ) 
any  considerable  lowering  of  temperature. 

* To  give  an  idea  of  the  composition  of  ordinary  coal  gas,  we  give 
here  the  results  of  an  analysis  in  tvhich  the  constituents  are  stated  in 
parts  by  volume  : — 


The  “ hydrocarbons  ” consist  chiefly  of  ethylene. 

At  first  coal  gas  was  chiefly  prepared  for  illuminating  purposes, 
and  the  chief  attention  was  therefore  directed  to  obtaining  a gas  rich 
in  ethylene  and  other  “ heavy  hydrocarbons.”  Such  can  be  obtained 
only  from  certain  expensive  kinds  of  coal,  and  the  product,  therefore, 
the  coal  gas,  is  correspondingly  dearer.  Meanwhile,  the  gas  has 
been  found  to  be  very  convenient  for  heating  purposes  and  for  driv- 
ing engines  (gas  engines) ; for  these  purposes,  however,  a strongly 
luminous  gas  is  troublesome  rather  than  useful.  Since  in  the  mean- 
time, also,  means  have  been  found  of  obtaining  very  considerable 
illumination  from  feebly  luminous  gas  (incandescent  light),  it  can  only 
be  a question  of  time  till  the  gas-woi'ks  begin  to  chiefly  manufacture  a 
gas  with  great  heat  effect  without  consideration  of  the  illuminating 
power,  and  one  which  can  be  prepared  much  more  cheaply  than  the 
present  coal  gas. 

•f  A feebly  luminous  gas  can  be  made  strongly  luminous  by  adding 
to  it  (best  done  immediately  before  its  consumption)  a small  quantity 
of  the  vapours  of  complex  hydrocarbons  (benzene  or  naphthalene). 
Such  “ carburetted  ” gas  is  already  much  used.  It  is  only  necessary 
to  conduct  the  gas  through  a vessel  in  which  the  above-named  sub- 
stances are  contained,  the  vapour  pressure  of  these  being,  at  mean 
room  temperature,  great  enough  to  effect  a sufficient  carburetting. 

* Another  still  more  advantageous  method  consists  in  the  use  o 
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mantles  of  solid  substances  which  are  raised  to  incandescence  in  as  hot 
a flame  as  possible.  The  details  of  this  will  be  given  later  (cf. 
Thorium,  Chap.  XLI.). 

In  the  laboratory  coal  gas  is  used  very  extensively  for  heating. 
The  burner  used  for  this  purpose  was  invented  by  R.  Bunsen  in  1855. 
It  consists  (Fig.  100)  of  a jet  fastened  to  an 
iron  base,  from  which  the  gas  streams  into 
a wider,  upright  tube,  which  is  furnished 
with  lateral  draught-holes  beside  the  jet. 

In  the  tube  the  coal  gas  is  mixed  with 
air,  and  the  mixture  burns  at  the  mouth 
of  the  tube  with  a hot  and  very  slightly 
luminous  flame,  which  deposits  no  soot 
on  a cold  object  when  introduced  into 
it.  This  is  due  to  the  fact  that  by  means 
of  the  draught-holes  the  gas  is  mixed  with 
as  much  air  as  is  necessary  for  the  oxida- 
tion of  the  hydrogen  and  the  conversion  of 
the  carbon  present  into  carbon  monoxide. 

Numerous  other  forms  of  burner,  which  have  been  adapted  for 
various  purposes,  have  been  made  on  the  principle  of  the  Bunsen 
burner.  In  Fig.  101  is  shown  the  construction  of  a flat  burner  for 
heating  larger  vessels. 

The  mixture  of  gas  and  air  which  issues  from  the  burner  is  ex- 
plosive ; the  velocity  with  which  it  issues  is,  however,  usually  so  great 
: ; that  the  combustion  is  propagated  backwards  more  slowly  than  the  gas 


Fig.  101. 

moves  forward.  If  the  flow  of  gas  is  reduced  below  a definite 
point,  the  state  of  matters  is  reversed,  and  the  burner  “ strikes  back.” 
To  avoid  this,  the  access  of  air  must  be  reduced  at  the  same  time, 
ami  some  forms  of  burner  are  so  constructed  as  to  do  this  auto- 
matically. 

I he  flame  of  a Bunsen  burner  consists  of  two  parts : an  inner, 
green  hollow  cone,  and  an  outer,  blue  mantle.  In  the  hollow  cone 
the  combustion  of  the  hydrogen  and  of  the  carbon  to  carbon 
monoxide  essentially  occurs ; in  the  outer  mantle  the  combustion 
to  dioxide  is  completed.  For  this  reason,  the  inner  cone  has  a 
reducing  action  on  substances  introduced  into  it,  whereas  in  the  outer 
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edge  of  the  mantle  an  excess  of  oxygen  is  present.  These  differences  t 
are  made  use  of  for  the  purposes  of  chemical  analysis. 

Oxalic  Acid. — By  the  oxidation  of  many  carbon  compounds  there 
is  formed  an  acid  of  the  composition  H2C204,  which,  by  reason  of  its  ; 
manifold  importance,  we  shall  also  mention  here.  It  is  called  oxalic  ' |'j 
add,  and  since  both  its  hydrogens  are  replaceable  by  metals,  it  is  a : 
dibasic  acid. 

Oxalic  acid  is  a white  crystalline  substance,  which  readily  dissolves  ;| 
in  water,  and  gives  an  acid  reaction  ; it  is  found  to  be  an  acid  of  t 
medium  strength.  The  ordinary  crystallised  oxalic  acid  contains  J 
water  of  crystallisation,  and  its  composition  is  represented  by  the 
formula  H.,C904  + 2H00.  With  bases  it  forms  two  series  of  salts,  acid  i 
and  normal,  and  most  of  these  are  difficultly  soluble  in  water.  Of  these 
salts,  the  most  important  are  the  acid  potassium  salt  and  the  normal  l >1 


calcium  salt. 

The  former,  having  the  composition  KHC204,  occurs  in  many 
plants  possessing  an  acid  taste,  and  can  be  obtained  crystalline  by  the  ■ j 
evaporation  of  the  juice  pressed  out  from  these.  For  its  preparation  1 
there  was  formerly  chiefly  used  the  wood-sorrel  ( oxalis ),  from  which  . 
the  name  oxalic  acid  is  derived  ; likewise,  the  potassium  salt  is  called 
salt  of  sorrel. 

The  neutral  calcium  salt  CaC204  is  very  difficultly  soluble  in 
water.  It  occurs  in  almost  all  plants,  being  found  in  the  cells  as  ■ 
very  characteristic  hydrated  crystals  which  have  the  appearance  of 
envelopes.  In  analytical  chemistry  it  is  of  importance  from  the  fact 
that  it  is  the  form  in  which  the  calcium  compounds  are  detected  1 
qualitatively  and  determined  quantitatively.  As  reagent  for  this  pur- 
pose, the  ammonium  salt  of  oxalic  acid  is  mostly  used. 

On  being  heated,  oxalic  acid  first  decomposes  into  formic  acid 
and  carbon  dioxide,  H2C204  = HC00H  + C02,  but  this  decomposition  i 
can  be  accomplished  only  with  great  care  or  with  the  help  of  suitable 
catalysers.  On  heating  more  strongly,  the  formic  acid  also  decomposes,  . 
and  there  are  obtained  carbon  dioxide,  carbon  monoxide,  and  water : 
H,C90  = C09  + CO  + H20.  The  salts  of  oxalic  acid  on  being  heated  : 
are  converted,  with  evolution  of  carbon  monoxide,  into  carbonates, 
which  in  some  cases  decompose  further  : e.g.  CaC204  = CaC03  + CO  = 


CaO  + C02  + CO.  , . 

Further,  oxalic  acid  decomposes  into  carbon  monoxide  and  car  DOT 
dioxide  when  treated  with  dehydrating  agents,  such  as  concentrated 
sulphuric  acid.  This  reaction  is  made  use  of  for  the  convenient  pre- 
paration of  carbon  monoxide;  oxalic  acid  or  a salt  of  this  is  warm 
with  concentrated  sulphuric  acid,  and  the  escaping  gases  passed  tlnoug 
a wash-bottle  with  caustic  soda.  The  carbon  dioxide  is  absorbed  by 
this,  and  pure  carbon  monoxide  is  obtained.  > 

Oxalic  acid  is  fairly  sensitive  to  oxidising  agents,  and  is  ream 
oxidised  by  them  to  carbon  dioxide:  H.,C204  + 0 - -UR  + • 
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This  reaction  is  also  used  in  analytical  chemistry,  and  we  shall  later 
have  occasion  to  return  to  it  (Chap.  XXY  III.). 

Carbon  Disulphide. — When  charcoal  is  heated  in  a current  of 
sulphur  vapour,  a compound  of  the  two  elements  is  formed..  It  has 
the  composition  CS.,,  for  its  vapour  density  is  76,  and  analysis  shows 
it  to  contain  64  of  sulphur  to  12  of  carbon. 

Carbon  disulphide  is  a colourless  liquid,  whose  density  is  about  1 '3, 
and  which  boils  at  47°.  In  the  pure  state  it  is  almost  colourless. 
Ordinary  carbon  disulphide,  owing  to  the  presence  of  other  sulphur 
compounds,  has  generally  rather  a bad  smell.  It  can  be  purified  by 
shaking  with  metallic  mercury  and  distilling. 

Carbon  disulphide  refracts  and  disperses  light  very  strongly ; its 
indices  of  refraction  (at  17°),  for  the  most  important  rays,  are : — 


A 

Wave  length 

7604 

Index  of  refraction 

1-61136 

E 

Wave  length 

5270 

Index  of  refraction 

1-64320 

B 

C 

D 

6867 

6562 

5890 

1-61756 

1-62086 

1-63034 

F 

G 

H 

4861 

4308 

3968  xl0-8cm, 

1-65529 

1-67975 

1-70277 

For  this  reason  it  has  often  been  attempted  to  use  it  for  optical 
apparatus,  e.g.  for  prisms  in  spectroscopes.  This,  however,  has  not  met 
with  success,  since  the  great  expansion  by  heat  very  readily  causes  dis- 
turbances; further,  carbon  disulphide  is  somewhat  sensitive  to  light, 
and  when  exposed  to  light  for  a lengthened  period  it  decomposes  and 
its  properties  change. 

Carbon  disulphide  is  a good  solvent  for  many  substances  ; in  this 
role,  we  have  already  met  with  it  in  the  case  of  sulphur  and  iodine. 
It  also  readily  dissolves  fats  and  resins,  a fact  on  which  many  technical 
applications  of  it  depend. 

By  reason  of  being  composed  of  two  combustible  elements,  carbon 
disulphide  can  be  ignited,  and  it  burns  in  the  air  with  a blue  flame, 
with  formation  of  sulphur  dioxide  and  carbon  dioxide.  Its  tempera- 
ture of  ignition  is  very  low,  so  that  the  vapour  of  carbon  disulphide 
can  be  ignited  under  circumstances  in  which  other  combustible  sub- 
stances are  far  from  taking  fire.  Corresponding  care  must,  therefore, 
be  observed  in  using  this  compound. 

Mixed  with  nitrous  oxide,  carbon  disulphide  burns  with  a flame 
which  is  especially  rich  in  ultraviolet  and  violet  rays,  and  which,  there- 
fore, under  certain  circumstances,  is  used  for  photochemical  purposes. 
The  sulphur  dioxide  thereby  formed,  however,  is  a hindrance  to  its 
general  use. 

Carbon  disulphide  is  formed  from  its  elements  with  absorption  of 
- 120  kj.  Its  heat  of  combustion  amounts  to  1320  kj,  whereas  that  of 
the  elements  is  only  1200  kj.  In  very  special  circumstances,  there- 
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fore,  it  may  be  caused  to  decompose  explosively ; this,  however,  is 
difficult,  and,  as  a rule,  it  exhibits  no  explosive  properties. 

From  carbon  disulphide  an  acid  is  derived  which  bears  the  same 
relation  to  it  as  carbonic  acid  does  to  carbon  dioxide.  Only,  the  acid  is 
not  composed  of  carbon  disulphide  and  water , but  of  carbon  disulphide 
plus  sulphuretted  hydrogen , and  has,  therefore,  the  composition  II2CS3. 

From  this  example  it  will  be  seen  that  besides  the  oxyacids  there 
are  others  which  have  a similar  composition  to  these  but  contain 
sulphur  in  the  place  of  oxygen.  These  are  called  thio-acids,  and  the 
above  acid,  thiocarbonic  acid,  is  such  an  acid,  as  can  be  seen  by  writing 
the  two  formulae  side  by  side  : — 

Anhydride  CO*  CS2 

Acid  HoC03  H.,CS;l 

Sodium  salt  Na2C03  Na.2CS;l. 

The  sodium  salt  is  obtained  by  dissolving  carbon  disulphide  in 
sodium  sulphide,  in  accordance  with  the  equation  CS2  + Na2S  = 
Na.,CS3.  From  a solution  of  this  salt,  thiocarbonic  acid  can  be 
precipitated  by  addition  of  an  acid.  Unlike  carbonic  acid,  it  only 
slowly  decomposes,  so  that  it  separates  out  as  an.  oily  liquid,  only 
slightly  soluble  in  water.  This  is,  however,  not  stable,  but  slowly 
decomposes  into  carbon  disulphide  and  sulphuretted  hydrogen : 
H2CS3  = H2S  + CS2. 

The  thiocarbo nates  have  attained  to  a certain  importance  from  the 
fact  that  carbon  disulphide  has  been  found  to  be  a means  for  destroy- 
ing the  phylloxera.  Whereas  carbon  disulphide  is  so  volatile  as  to  be 
inapplicable  for  this  purpose,  the  thiocarbonates  are  suitable. 

Under  the  influence  of  the  carbon  dioxide  in  the  air  and  in  the 
soil,  these  are  converted  into  carbonates,  carbon  disulphide  and  sul- 
phuretted hydrogen  being  split  off  : Na2CS3  + C02  + H20  = Na2C03  + 
H.,S  + CS9.  The  process  takes  place  slowly,  but  still  with  such 
rapidity  that  the  amount  of  carbon  disulphide  present  at  each  moment 
is  sufficient  to  exercise  the  desired  action. 

Carbon  Oxysnlphide. — In  various  ways,  most  easily  by  the  de- 
composition of  the  thiocyanates  (vide  infra ) with  sulphuric  acid,  a com- 
pound, COS,  is  formed  which  can  be  regarded  as  an  intermediate  com- 
pound between  carbon  dioxide  and  carbon  disulphide.  It  is  a gas 
which  is  readily  absorbed  by  water,  with  which  it  slowly  interacts,  with 
formation  of  carbonic  acid  and  sulphuretted  hydrogen  : COS  + 2H20  — 
H2C03  + H2S.  This  reaction  is  greatly  accelerated  by  the  addition 
of  a base,  the  salts  of  the  two  acids  being  formed. 

Carbon  oxysulphide  smells  somewhat  like  sulphuretted  hydrogen, 
and  readily  burns  in  the  air  with  a blue  flame,  forming  carbon  dioxide 

and  sulphur  dioxide.  . , 

Cyanogen. — When  carbon  and  nitrogen  are  exposed  to  very  nig 
temperatures,  such  as  exist,  for  example,  in  the  electric  arc  (Fig.  > - > 
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p.  407),  these  two  elements  combine  to  form  a gas  which,  in  accord- 
ance with  its  composition  and  density,  52,  has  the  formula  C2N2.  On 
account  of  the  blue  compounds  which  it  yields  with  iron,  and  which 
have  been  known  for  long,  this  substance  has  received  the  name 
cyanogen  (producer  of  blue  substance). 

Cyanogen  is  a colourless  gas  with  peculiar  smell  and  poisonous 
action  on  the  organism.  Its  critical  temperature  is  124°,  its  critical 
pressure  62  atm.  In  its  solubility  in  water  it  resembles  carbon  di- 
oxide, to  which  it  also  approximates  with  respect  to  its  density  (52  as 
compared  with  44). 

Cyanogen  can  be  ignited  in  the  air,  and  burns,  with  a characteristic 
flame  of  red-viglet  colour,  to  carbon  dioxide  and  nitrogen.  A consider- 
able amount  of  heat  is  thereby  developed,  amounting  to  more  than 
would  be  given  by  the  corresponding  amount  of  charcoal.  Cyanogen, 
therefore,  also  belongs  to  those  compounds  which  are  formed  with 
absorption  of  energy,  and  whose  spontaneous  formation  occurs  at  very 
high  temperatures.  It  is  thus  formed  on  all  occasions  where  carbon 
and  nitrogen  come  together  at  a high  temperature,  e.g.  in  the  blast 
furnace  in  the  preparation  of  iron.  The  heat  of  combustion  of 
cyanogen  is  1087  lcj,  whereas  that  of  two  carbons  amounts  to  812  lj; 
in  the  formation  of  the  gas,  therefore,  275  kj  are  absorbed. 

In  its  chemical  relations,  cyanogen  is  analogous  to  the  halogens,  and 
forms  a whole  series  of  compounds  in  which  the  group  CN  behaves  like 
chlorine  or  iodine. 

In  the  first  place,  there  should  be  mentioned  the  hydrogen  com- 
pound HCN,  hydrocyanic  acid  or  prussic  acid.  This  compound  is 
obtained  by  decomposing  the  metallic  cyanides  with  an  acid,  just  as 
hydrochloric  acid  is  obtained  from  common  salt.  The  metallic  cyanides, 
in  turn,  are  formed  by  allowing  carbon,  nitrogen,  and  the  respective 
metals,  or  their  carbonates,  to  act  on  one  another  at  a high  temperature. 
A more  exact  description  of  what  takes  place  here  will  be  given  later 
under  the  metals. 

For  the  liberation  of  hydrocyanic  acid  from  its  salts,  a strong  acid 
is  not  required,  for  hydrocyanic  acid  stands  at  the  outermost  limit  of 
the  weak  acids.  The  aqueous  solution  scarcely  exhibits  an  acid  reac- 
tion, and  dissolved  metallic  cyanides  can  be  decomposed  even  by  such 
weak  acids  as  carbonic  acid.  In  consequence  of  this  the  metallic 
cyanides,  when  exposed  to  the  air  (containing  carbonic  acid),  smell  of 
hydrocyanic  acid,  and  the  aqueous  solutions  are  partially  dissociated 
hydrolytically  and  react  alkaline  (p.  247). 

In  the  pure  state,  hydrocyanic  acid  is  a colourless  liquid  which 
boils  at  27  and  solidifies  at  - 15°.  It  is  a highly  poisonous  compound, 
which  even  in  small  amounts  quickly  acts  fatally.  The  cause  of  its 
poisonous  action  is  probably  due  to  its  being  a retarding  catalyser  for 

many  physiologically  important  processes,  especially  the  oxidation  in 
the  organism. 
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Hydrocyanic  acid  can  be  detected  even  in  small  quantities  by  its 
smell,  which  recalls  that  of  bitter  almonds.  The  reason  of  this  is  that 
in  bitter  almonds  a substance,  amygdalin,  is  present  which  decomposes 
under  the  influence  of  a catalyser  or  ferment,  which  is  also  present 
in  other  cells,  into  hydrocyanic  acid,  sugar,  and  a volatile  oil,  oil  of 
bitter  almonds.  Crushed  bitter  almonds,  therefore,  smell  of  hydro- 
cyanic acid  when,  owing  to  the  destruction  of  the  cells,  these  two 
substances,  amygdalin  and  the  ferment,  come  together. 

Whereas  the  aqueous  solution  of  hydrocyanic  acid  contains  exceed- 
ingly few  ions,  the  soluble  metallic  compounds,  which,  in  a corresponding 
manner  to  the  chlorides,  are  obtained  by  the  action  of  hydrocyanic 
acid  on  the  oxides  or  hydroxides  of  the  metals,  are  normally  dissociated 
into  their  ions.  Thus,  the  solution  of  one  of  the  best  known  metallic 
cyanides,  potassium  cyanide,  KCN,  contains  the  ions  K'  and  CN'.  The 
ion  ON'  has  a great  resemblance  to  the  ions  of  the  halogens  ; with 
argention,  for  example,  it  gives  a difficultly  soluble  compound,  which 
is  deposited  as  a white  precipitate,  very  similar  to  silver  chloride,  when 
cyanidion  and  argention  ( e.g . from  potassium  cyanide  and  silver  nitrate) 
are  brought  together  in  solution. 

* For  the  purpose  of  detecting  cyanogen  compounds,  use  is  made 
of  various  very  sensitive  reactions,  which  may  be  shortly  mentioned 
here,  although  their  theory  cannot  be  given  till  later  (Chap.  XXYII.). 
The 'liquid  to  be  investigated,  after  being  made  alkaline  by  addition  of 
caustic  soda  or  potash,  is  warmed  with  a ferric  salt,  and  hydiochloiic 
acid  then  added.  If  cyanidion  was  present,  a dark  blue  precipitate  is 
obtained,  or,  in  the  case  of  very  small  quantities,  a blue  or  green-blue 
coloration.  The  blue  iron  compound  is  hereby  formed  which  has  gben 

the  name  to  the  whole  group.  _ . 

* Or,  the  liquid,  with  addition  of  yellow  ammonium  sulphide,  is 
evaporated  to  dryness,  the  residue  dissolved  in  a drop  of  water,  and 
ferric  chloride  added.  If  cyanidion  was  present,  a blood-red  coloration 
is  produced.  This  depends  on  the  formation  of  thiocyananion  by 
means  of  the  sulphur  from  the  ammonium  sulphide,  and  this  gives  the 
above  reaction  with  ferric  chloride.  A knowledge  of  this  test  is  of 
practical  importance  by  reason  of  the  not  infrequent  cases  of  poisoning 

with  prussic  acid,  or  with  cyanides. 

Relation  of  the  Cyanogen  Compounds  to  the  Ammonia 
Derivatives  of  the  Carbon  Compounds.— When  hydrocyanic  acid 
is  mixed  with  strong  hydrochloric  acid,  a reaction  takes  place,  and 
ammonium  chloride  and  formic  acid  are  produced.  The  reaction  can 
be  looked  upon  as  essentially  a taking  up  of  water  : hydrocyanic  acid 
and  water  yield  formic  acid  and  ammonia,  in  accordance  with  the 
equation  HCN  + 2H20  = HC00H  + NHg.  . . 

This  reaction  recalls  the  conversion  of  the  amides  into  the 
ammonium  salts  of  the  corresponding  acids  (p.  343),  but  it  differs  from! 
it  by  the  fact  that  two  moles  of  water  are  taken  up  instead  ot  one. 
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In  suitable  cases,  therefore,  there  are  two  stages  of  dehydration  of  the 
ammonium  salts  : the  first  yields  the  amide,  the  second  a compound 
for  which  the  general  name  nitrile  has  come  into  use.  In  the  present 
case  we  have 

Ammonium  formate  .....  HCOO  • NH., 

Amide  of  formic  acid,  or  formamide  . . HCO  • NH., 

Nitrilo  of  formic  acid,  or  hydrocyanic  acid  . HCN 

As  a matter  of  fact,  hydrocyanic  acid  can  be  obtained  from 
ammonium  formate  by  means  of  strongly  dehydrating  agents. 

A similar  series  shows  cyanogen  itself  to  he  the  nitrile  of  oxalic 
acid — 

Ammonium  oxalate  .....  C.204(NH4)2 

Amide  of  oxalic  acid,  or  oxamide  . . C202(NH2)2 

Nitrile  of  oxalic  acid,  or  cyanogen  . . C2N2. 

Here,  also,  we  may  pass  through  the  series  not  only  by  dehydra- 
tion from  above  downwards,  but  also  by  absorption  of  water  from 
below  upwards. 

The  further  extension  of  these  indications  belongs  to  organic 
chemistry. 

Cyanic  Acid. — Of  the  oxyacids  of  cyanogen  which  would  cor- 
respond to  the  acids  from  hypochlorous  up  to  perchloric  acid,  only  the 
first  member  is  known.  By  analogy,  this  should  be  called  hypocyanous 
acid,  since  its  composition  is  represented  by  the  formula  HOCN;  since, 
however,  no  other  oxygen  compound  is  known,  it  is  called  cyanic 
acid. 

Cyanic  acid  is  a very  unstable  compound.  It  is  obtained  by  heat- 
ing another  compound,  cyanuric  acid,  which  has  the  same  composition 
but  three  times  the  molar  weight,  H303C3N3.  From  the  vapour  of 
this  substance  there  is  deposited,  in  accordance  with  the  law  of  the 
precedence  of  the  unstable  forms,  not  the  stable  cyanuric  acid,  but  the 
unstable  cyanic  acid,  HOCN.  The  condensation  of  this  compound, 
however,  must  be  carried  out  at  as  low  a temperature  as  possible,  for, 
on  gently  heating,  cyanic  acid  is  converted,  with  strong  development  of 
heat,  sometimes  with  explosive  violence,  into  more  stable  forms,  of 
which  there  are  several.  It  is  a colourless  liquid  with  a strong  smell, 

: resembling  that  of  acetic  acid. 

In  aqueous  solution,  also,  cyanic  acid  is  not  stable,  but  is  quickly 
converted,  by  absorption  of  water,  into  acid  ammonium  carbonate.  This 
process  is  represented  by  the  following  equation  : HOCN  + 2H.,0  = 
(NH4)HC03.  For  this  reason,  a solution  of  a cyanate  on  being  acidi- 
fied effervesces  and  evolves  »carbon  dioxide  as  if  a carbonate  were 
present.  After  the  reaction,  an  ammonium  salt  is  present  in  the 
solution. 

Although  cyanic  acid  is  very  unstable,  the  cyanates  are  mostly  very 
stable  compounds.  They  are  formed,  for  example,  with  great  readiness 
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by  exposing  the  cyanides  to  the  action  of  oxidising  agents.  On  this 
account,  fused  potassium  cyanide  is  a powerful  reducing  agent,  which 
withdraws  the  oxygen  from  various  metallic  oxides  and  converts  them 
into  metals.  This  reduction  can  be  shown  with  especial  ease  in  the 
case  of  lead  oxide  and  bismuth  oxide;  under  the  liquid  salt,  the' 
metals  fuse  together  into  drops  which  look  bright  like  mercury.  The 
same  reaction  is  made  use  of  for  obtaining  cyanates,  especially  ! 
potassium  cyanate,  from  the  corresponding  cyanides ; as  oxide,  pyro- 
lusite  (p.  54),  is  mostly  employed. 

A specially  interesting  reaction  of  cyanic  acid  is  the  transformation 
which  its  ammortium  salt  undergoes,  and  which  led  to  the  synthesis  of 
urea  (p.  393). 

Ammonium  cyanate  has  the  formula  NH4OCN,  and  contains  the'' 
same  elements  in  the  same  proportions  as  urea,  for  both  have  the tlj 
total  formula  CH4N20.  If,  however,  it  is  attempted  to  prepare, 
ammonium  cyanate,  urea  is  obtained  in  its  place.  In  the  meantime,  j 
however,  it  has  been  shown  that  true  ammonium  cyanate  possessing^ 
the  expected  properties  of  this  substance  exists;  but  it  is  very  un-ii 
stable,  and  rapidly  undergoes  transformation  into  the  isomeric  compound', 
urea. 

This  reaction  takes  place  so  soon  as  the  ions  OCN'  and  NH  4 come- 
together  in  aqueous  solution.  On  mixing  any  cyanate,  e.g.  potassium ■ 
cyanate,  and  an  ammonium  salt,  e.g.  ammonium  sulphate,  in  aqueous 
solution  and  evaporating  the  solution,  a residue  of  potassium  sulphate j 
and  urea  is  obtained,  which  can  be  readily  separated  by  means  of 

alcohol.  I I 

Thiocyanogen. — If  potassium  cyanide  or  other  cyanide  is  fused' 
with  sulphur  or  a sulphur  compound,  or  even  if  a solution  of  one  of ' 
these  salts  is  heated  with  sulphur,  the  latter  is  taken  up  and  a solution: 
of  a salt  is  obtained  of  the  composition  MSCN,  in  the  case  of  potassium, 
therefore,  KSCN.  This  compound,  which  gives  a.  very  pronounced d 
blood-red  or  brown-red  coloration  with  ferric  salts,  is  called  potassium ■ 
thiocyanate  ; it  is  the  potassium  salt  of  a corresponding  thiocyanic  acid, 
HSCN,  and  its  solution  contains,  besides  potassion,  thiocyanamon, 

SCN\ ’ ...  , , . 

The  composition  of  these  compounds  is  similar  to  that  of  the  cyanic* 
acid  compounds,  only  that  sulphur  is  present  in  the  place  of  oxygen. 
Thiocyanic  acid  is  distinguished  from  cyanic  acid  by  its  much  greater 

stability.  . . OQn>  , 

From  the  barium  salt,  by  precipitation  with  sulphuric  acid  (p.  LJU}, 
an  aqueous  solution  of  thiocyanic  acid  can  be  obtained ; this  is  a very 
acid  liquid  whose  acid  properties  are  not  greatly  inferior  to  those  ot> 
hydrochloric  acid.  In  the  free  state,  thiocyanic  acid  is  unknown  ; on 
attempting  to  prepare  it,  a rather  complex  decomposition  occurs  in 
which  carbon  oxysulphide,  COS,  is  formed  (p.  412).  The  formation  of 
this  latter  compound  takes  place  directly  by  splitting  oft  ammonia  witn 


XVI 


CARBON 


417 


the  aid  of  water,  a reaction  which  can  be  represented  by  the  equation 
HSCN  + H20  = COS  + NH;).  The  decomposition  occurs  on  heating 
potassium  thiocyanate  with  a medium  strong  solution  of  sulphuric 
acid. 

With  regard  to  its  similarity  to  the  halogens,  thiocyananion,  SCN', 
is  quite  analogous  to  cyananion  ; it,  also,  gives  with  argention  a white 
precipitate,  which,  in  its  external  appearance,  cannot  be  distinguished 
fyom  silver  chloride  or  silver  cyanide. 

Corresponding  to  the  gaseous  cyanogen,  however,  no  thiocyanogen 
is  known.  There  are  substances,  it  is  true,  which  have  the  composi- 
tion SCN,  but  these  are  certainly  polymeric  compounds  of  the  formula 
(SCN),,,  where  n is  a number  probably  greater  than  3.  They  belong, 
therefore,  to  quite  a different  group  of  substances,  which  are  generally 
treated  in  organic  chemistry. 
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SILICON 

Silicon  stands  to  carbon  in  the  same  relation  as  sulphur  to  oxygen. 
The  two  elements  are  similar  in  many  respects,  but  differ  more  from 
one  another  than,  for  example,  chlorine,  bromine,  and  iodine  do. 

Silicon,  like  carbon,  occurs  in  several  forms,  of  which  an  amorphous  • 
and  a crystalline  form  are  accurately  known.  Amorphous  silicon  is 
obtained  by  conducting  its  chlorine  or  fluorine  compound  over  heated 
potassium  ; the  metal  unites  with  the  halogen,  and  the  silicon  is  set : 
free.  The  soluble  potassium  salt  formed  is  removed  by  washing  with 
water,  and  the  silicon  is  left  behind  as  a greenish-brown  powder.  This  - 
is  amorphous,  and  has  the  tendency  to  pass  into  the  colloidal  state  ; if, 
therefore,  the  washing  is  continued  to  a certain  point,  the  silicon  goes  - 
into  a sludge  and  begins  to  pass  through  the  filter. 

Amorphous  silicon  is  more  easily  obtained  by  heating  its  oxygen 
compound,  finely  powdered  quartz,  with  magnesium  powder.  The 
magnesium  combines  with  the  oxygen  of  the  silicon  dioxide,  forming . 
magnesium  oxide,  and  the  silicon  is  liberated.  The  latter  can  be 
obtained  pure  by  extracting  the  product  with  dilute  acid,  in  which  the 
magnesium  oxide  but  not  the  silicon  dissolves. 

At  a high  temperature,  silicon  melts  ; and  on  solidifying,  crystalline 
silicon  is  formed  as  a grey  mass  Avith  a metallic  lustre.  The  crystallisa- 
tion is  greatly  facilitated  by  the  addition  of  a metal  such  as  zinc , 
the  zinc  can  be  removed  by  treating  the  product  with  dilute  acids.  _ 

Amorphous  silicon  can  be  set  on  fire  in  the  air,  but  its  combustion 
is  very  incomplete,  because  the  non-volatile  silicon  dioxide  formed  pre- 
vents further  combustion.  Crystalline  silicon  does  not  noticeably 
change  in  the  air  even  at  a red  heat.  Silicon  is  soluble  in  caustic 
soda  on  heating,  the  silicon  thereby  taking  up  oxygen  from  the  water 
and  passing  into  an  acid,  silicic  acid,  or  rather  into  its  sodium  salt. 

The  hydrogen  of  the  Avater  escapes  as  a gas. 

The  combining  Aveight  of  silicon  has  been  determined  by  the 
analysis  of  its  halogen  compounds,  and  amounts  to  Si  = 28  4. 

Silicon  Dioxide. — By  far  the  most  important  compound  o 
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silicon  is  silicon  dioxide  or  the  anhydride  of  silicic  acid.  It  has  the 
formula  SiO.,,  or  a multiple  of  this,  and  occurs  in  enormous  quantities 
in  nature  both  in  the  free  state  and  as  salts.  The  largest  part  of  the 
earth’s  surface  is  composed  of  silicon  dioxide,  or  of  its  compounds  ; over 
a quarter  of  the  solid  crust  of  the  earth  is  formed  by  silicon. 

Silicon  dioxide*  occurs  in  several  varieties,  two  crystalline  and  one 
amorphous.  It  is  most  widely  distributed  in  the  crystalline  form  as 
quartz,  rock  crystal,  amethyst,  smoky  quartz.  These  and  various 
other  minerals  are,  chemically,  the  same  substance,  and  appear  to  be 
different  only  by  reason  of  the  impurities  to  which  the  difference  in 
colour  is  due. 

The  purest  form  is  rock  crystal,  which  crystallises  in  six.-sided 
prisms  and  is  colourless.  The  crystals  possess  the  property  of  rotating 
the  plane  of  polarised  light  when  this  is  passed  through  parallel  to  the 
axis  of  the  prism.  In  some  crystals,  the  rota- 
tion is  to  the  right,  in  others  to  the  left,  and  the 
sense  of  the  rotation  is  closely  related  to  a one- 
sided crystallographic  formation,  by  means  of 
which  right  and  left  crystals  can  also  be  dis- 
tinguished. The  difference  is  seen  in  the  hemi- 
hedral  faces  (Fig.  102);  a right  and  a left 
crystal  can  no  more  be  superposed  on  one 
another  than  can  a right  and  a left-hand  glove. 

While  rock  crystal  is  clear  as  water,  smoky  topaz,  or,  better, 
smoky  quartz,  is  brown  to  black,  amethyst  violet,  ordinary  quartz 
whitish  and  turbid.  There  are  also  yellow,  rose -red,  and  other 
coloured  varieties. 


Quartz  forms  a constituent  of  many  rocks,  especially  of  granite, 
: gneiss,  etc.  By  the  action  of  water  and  carbonic  acid,  these  rocks  are 
disintegrated  as  well  as  partially  changed  chemically  (vide  infra),  and 
i.  the  quartz  grains  are  left  detached.  These  are  borne  away  and 
broken  up  by  the  rivers,  and  finally  reach  the  sea  in  the  form  of 
quartz  sand.  On  the  sea-bottom  the  sand  masses  frequently  become 
united  again  by  means  of  a binding  material  (limestone  or  iron  oxide) 
f t0  sob(^  masses ; sandstone,  which  forms  extensive  mountain  ranges 
and  consists  of  quartz  grains,  has  been  so  formed. 

Quartz  has  the  density  2*66,  and  a hardness  7,  i.e.  it  represents  the 
third  hardest  grade  after  the  diamond.  Quartz  is  used,  therefore,  for 
. grinding  metal  (grindstones  and  whetstones)  and  glass. 

The  other  crystalline  form  of  silicon  dioxide  is  called  tridymite. 
'■  it  occurs  almost  solely  in  microscopic  crystals  as  a constituent  of  rocks 
and  is  less  dense  than  quartz  (2-3  as  compared  with  2’66). 

Amorphous  silicon  dioxide  occurs  as  a mineral  in  various  rocks. 

> . the  most  wide-spread  and  best  known  form  is  flint,  Avhich  forms 
: rounded  masses  in  chalk,  and  is  coloured  by  organic  substances,  yellow 
; ' br0Wn>  or  black  Ifc  ,s  but  slightly  inferior  to  quartz  in  hardness,  and 
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by  reason  of  its  conchoidal  fracture  sharp  edges  can  easily  be  formed  J i 
on  it.  In  prehistoric  times,  when  the  methods  of  obtaining  and  work-  j ■ 
ing  metals  were  unknown,  this  mineral  was  used  for  making  knives,  . H 
axes,  and  arrow  heads.  It  is  the  stone  which  was  chiefly  employed  in  : 
the  “ Stone  Age.” 

Other  forms  of  amorphous  silicon  dioxide  are  opal,  chalcedony,  . 
jasper,  etc.,  which  differ  essentially  only  in  structure  and  layer  for-  j 
mation,  but  do  not  differ  chemically.  In  chemical  operations,  silicon 
dioxide  is  usually  obtained  amorphous,  and  it  is  not  very  easy  to  cause?! 
it  to  crystallise  ; nevertheless,  both  crystalline  forms  have  already  been 
artificially  prepared. 

Silicic  Acid. — Silicon  dioxide  is  the  anhydride  of  an  acid,  silicic  [ 
acid,  or  rather  of  a whole  series  of  acids  which  can  be  compounded  of  i ■ 
the  elements  of  silicon  dioxide  and  water.  The  relations  are  similar  ij 
to  those  obtaining  in  the  case  of  the  phosphoric  acids,  only  more  diverse.  j 

As  extreme  member  of  the  series  of  the  different  silicic  acids,  : 
there  may  be  regarded  the  tetrabasic  orthosilicic  acid,  Si(OH)4  ; Si0.2  + 
2H.,0  = Si(OH)4.  It  is  not  known  in  the  pure  state,  but  in  the  form  j 

of  its  salts.  R I 

By  loss  of  water,  it  passes  into  the  dibasic  acid  SiO(OH)2,  the 
composition  of  which  corresponds  to  that  of  carbonic  acid. 

Other  silicic  acids  are  formed  by  the  union  of  several  combining . 
weights  of  the  ortho-acid  with  loss  of  water.  From  2Si(OH)4  there 
are  formed  Si.207HG,  Si206H4,  Si205H2.  In  a similar  manner,  correspond- 
ing “ pyro-acids  ” can  be  derived  from  several  combining  weights  of 
silicic  acid. 

Unlike  the  phosphoric  acids,  the  different  silicic  acids  cannot  be 
distinguished  from  one  another  by  any  reactions  5 that  these  difteienttj 
types  exist  can  be  concluded  only  from  the  existence  of  the  corre- 
sponding salts  which  occur  naturally  in  the  crystalline  form. 

These  salts  of  silicic  acid  or  silicates  are  all  practically  insoluble 
in  water,  with  the  exception  of  the  silicates  of  the  alkali  metals, 
which  can  be  dissolved,  and  whose  solutions  bear  the  name  of  water 
glass.  These  salts  are  readily  obtained  by  fusing  quartz  with  the 
hydroxides  or  carbonates  of  the  alkali  metals.  From  these  solutions, 
the  silicic  acid  can  be  set  free  by  other  acids.  . „ 

If  the  mixing  of  an  alkaline  silicate  with  acid,  e.g.  hydrochloric 
acid,  be  carried  out  in  concentrated  solution,  the  silicic  acid  separates  • 
out  ’in  friable,  gelatinous  masses.  If,  however,  dilute  solutions  are 
employed  and  an  excess  of  acid,  no  precipitation  is  obtained,  but  the 
solution  remains  clear  and  apparently  unchanged.  This  looks  as  it  1 
the  silicic  acid  were  difficultly  soluble,  so  that  it  is  partially  preci- 
pitated from  concentrated  solutions  while  it  remains  dissolved  in 
much  water.  This  is,  however,  not  the  case;  the  solution  of  silicic 
acid  which  is  formed  is  no  true  solution,  but  the  silicic  acid  is  pie&en 
in  the  colloidal  state. 


This  is  seen  when  the  liquid  is  subjected  to  dialysis,  i.e.  when 
it  is  placed  in  a vessel  whose  walls  are  formed  entirely  or  partially 
of  parchment  paper  or  of  bladder,  and  the  vessel  placed  in  pure 
water.  The  salt  which  is  formed  and  the  excess  of  acid  then  pass  by 
diffusion  freely  through  the  membrane,  while  the  silicic  acid,  like  all 
colloidal  substances,  is  retained.  If  the  experiment  is  continued  for  a 
number  of  days  with  frequent  renewal  of  the  water,  all  the  salts,  as 
far  as  can  be  detected,  will  finally  diffuse  away,  and  the  solution  in  the 
dialyser  will  contain  only  silicic  acid. 

This  silicic  acid  shows  the  characteristic  properties  of  “ colloidal 
solutions  ” or  “ pseudo-solutions.”  On  evaporating  to  dryness  no 
crystals  are  formed,  but  there  ^ is  left  an  amorphous,  glassy  mass 
which  only  incompletely  re-dissolves  in  water.  Boiling  and  freezing 
point  differ  only  exceedingly  slightly  from  those  of  water  ; special 
chemical  reactions  cannot  be  detected.  By  addition  of  various  sub- 
stances, especially  of  salts,  the  liquid  solidifies  to  a jelly,  especially  if 
it  has  been  somewhat  concentrated  by  evaporation  in  the  cold. 

In  nature  silicic  acid  occurs  very  often  in  such  a form.  It  gets 
into  the  natural  waters  from  the  silicates  when  these  are  decomposed 
by  carbonic  acid.  Under  suitable  conditions,  the  silicic  acid  crystal- 
lises from  such  solutions ; smoky  quartz,  especially,  has  probably  been 
formed  in  this  way.  For,  since  it  owes  its  coloration  to  organic  sub- 
stances which  are  destroyed  by  ignition,  it  must  have  been  formed  at 
a low  temperature,  and,  during  the  period  of  its  existence,  can  never 
have  been  subjected  to  a red  heat.  The  way  in  which  it  occurs,  also, 
makos  its  formation  from  solutions  probable. 

Silicic  acid,  or  quartz,  is  extensively  applied  in  the  arts.  Sand- 
stone is  a greatly  valued,  because  easily  worked  and  resistant  building 
material ; quartz  sand  is  used  as  an  addition  to  mortar  and  for  grind- 
ing- By  fusing  quartz  with  the  carbonates  of  the  alkali  and  alkaline 
earth  metals,  amorphous,  transparent  masses  are  obtained,  which,  as 
glass,  find  very  manifold  application.  Colourless  rock  crystal  is  used 
as  a cheap  ornamental  stone,  and  also,  on  account  of  its  rotating  the 
plane  of  polarised  light  and  of  its  transparency  for  light  of  all  wave- 
lengths, in  the  construction  of  optical  instruments.  For  spectacle 
glasses,  also,  quartz  is  used,  since,  on  account  of  its  great  hardness, 
it  loses  the  polish  less  easily  than  glass  lenses. 

Geological  Reactions. — Of  all  chemical  processes  occurring  on 
the  earth  s surface,  the  interaction  of  the  naturally  occurring  silicates 
with  water  and  carbonic  acid  is  the  one  which,  quantitatively,  stands 
pre-eminent.  The  primitive  rocks  of  the  earth  were  essentially  silicates; 
the  carbon,  in  all  probability,  was  present  as  carbonic  acid.  This 
corresponds  to  the  equilibrium  at  comparatively  high  temperatures, 
which  must  be  assumed  to  have  prevailed  originally  on  the  earth. 

At  lower  temperatures  the  equilibrium  changes  in  such  a way 
that  carbonic  acid  displaces  silicic  acid  from  its  salts.  In  other 
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words,  a system  consisting  of  carbonates  and  free  silicic  acid,  or  silicon 
dioxide,  is,  at  lower  temperatures,  more  stable  than  the  system  carbon  ' 
dioxide  and  silicate.  For  this  reason,  the  silicates  of  the  various  - i 
primitive  rocks  are  subjected  to  uninterrupted  chemical  processes,  to  i 
which  is  added  a mechanical  disintegration  by  the  action  of  water,  of 
changing  temperature,  and  of  the  wind.  The  consequence  of  this  is 
that  the  silicates  which  are  decomposable  under  these  circumstances  - 1 
are  transformed,  the  non-decomposable  are  disintegrated,  and  carbonates  • I i 
are  formed  from  the  constituents  of  the  transformed  rocks. 

The  silicates  of  the  alkali  metals,  especially,  undergo  this  decom-  i i 
position.  These,  it  is  true,  do  not  occur  in  the  free  state  in  nature, . ! i 
but  only  as  double  silicates  combined  with  the  silicates  of  other  metals.  . ; j 
They  become  thereby  more  stable,  but  still  not  absolutely  resistant,  . 
and  are  therefore  decomposed. 

The  alkali  metals  pass  into  the  waters  as  soluble  carbonates,  and 
are  partially  retained  in  the  soil  by  absorption.  This  retention  is 
specially  great  in  cultivated  soil,  where  it  is  conditioned,  partially  at 
least,  by  the  presence  of  organic  substances.  Another  portion  passes  • i= 
on  into  the  sea.  This  is  also  the  destination  of  the  alkaline  earth 
metals,  which  are  there  deposited  chiefly  as  carbonates. 

Of  the  dissolved  silicic  acid,  a considerable  portion  also  reaches  the  : j 
sea,  and  is  there  utilised  by  various  animals  for  building  up  their 
skeleton.  Another  portion  forms  hydrated  magnesium  silicate  with 
the  magnesium  of  the  rocks.  This  is  a compound  which,  under  j 
certain  circumstances,  resists  the  action  of  water,  and  which  is  there- 
fore formed  when  its  constituents  come  together.  The  conversion  of 
the  original  rocks  into  sei’pentine  or  steatite,  as  the  hydrated  silicate  j 
of  magnesium  is  called  in  mineralogy,  can  constantly  be  recognised 
at  various  points. 

Of  the  other  metals  which  occur  abundantly  on  the  earth’s  surface,  j 
aluminium  also  is  capable  of  remaining  in  combination  with  silicic 
acid,  even  under  the  existing  conditions.  Aluminium  silicate  is  a very 
widely  distributed  constituent  of  the  primitive  rocks.  In  the  decom- 
position by  water  and  carbonic  acid,  or  “weathering,”  aluminium 
silicate  is  not  decomposed,  but  remains  as  an  amorphous  residue  when 
the  other  constituents  have  been  dissolved.  The  very  finely  divided 
mass  is  carried  by  the  rivers  to  the  sea  if  it  has  not  previously  been  t 
deposited  at  comparatively  quiet  spots  as  clay,  potter  s earth,  01  loam. 
On  the  sea  bottom  the  deposited  clay  slowly  hardens  into  slate  and 
similar  secondary  rocks. 

By  means  of  these  various  transformations,  a one-sided  change 
takes  place  in  the  composition  of  the  earth’s  crust,  the  tendency  of 
which  is  to  more  and  more  increase  the  amount  of  carbon  in  the  form 
of  calcium  and  magnesium  carbonate,  while  the  silicic  acid  which 
before  had  formed  salts  with  these  metals  is  separated  in  the  free 
state.  By  this  process  the  amount  of  carbon  dioxide  in  the  air  must 
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nlso  slowly  become  less.  By  the  combustion  of  fossil  fuel,  it  is  true,  a 
certain  amount  of  the  carbon  which  had  been  long  removed  from  the 
air,  is  again  given  back  to  it,  and  in  isolated  localities  where  volcanic 
activity  occurs  at  a comparatively  small  depth  below  the  surface  of  the 
earth,  the  carbonates  formed  in  the  wet  way  also  appear  to  undergo 
decomposition  as  a consequence  of  the  rise  of  temperature,  as  is 
indicated  by  the  streaming  forth  of  carbonic  acid  at  the  places 
mentioned.  Still  these  amounts  of  carbon,  which  are  again  put  into 
circulation,  are  probably  much  less  than  the  amounts  which,  in  the 
form  of  carbonates,  are  withdrawn  from  circulation. 

If  we  consider,  now,  that  all  organisms  must  have  recourse  to 
carbon  for  the  building  up  of  their  body,  we  see  that  the  slow 
diminution  of  the  amount  of  floating  carbon -capital  which  is  taking 
place  on  the  surface  of  the  earth  must  exercise  a great  influence 
on  the  moulding  of  life.  It  can  be  regarded  as  highly  probable  that 
the  essentially  different  state  of  affairs  which,  as  may  be  concluded 
from  the  investigations  of  the  geologists,  prevailed  in  former  periods 
were  due  to  the  influence  of  the  larger  amounts  of  carbon  dioxide 
then  present  in  the  air,  and  that  in  the  future  also,  organic  life  will 
undergo  variation  in  such  a sense  that  the  continued  diminution  will 
be  met  in  a suitable  manner. 

Halogen  Compounds  of  Silicon. — -When  a mixture  of  silicon 
dioxide  and  charcoal  is  strongly  heated  in  a current  of  dry  chlorine, 
decomposition  takes  place,  and  there  is  obtained,  besides  carbon 
monoxide,  a volatile  substance  which  analysis  and  vapour  density  show 
to  have  the  composition  SiCl4.  The  reaction,  therefore,  takes  place  in 
accordance  with  the  equation  Si02  + 2C  + 2C12  = SiCl4  + 2CO. 

Whereas  neither  carbon  nor  chlorine  alone  can  decompose  silicon 
dioxide,  the  decomposition  can  be  effected  when  both  substances  act 
together.  The  reason  of  this  is  that  by  the  simultaneous  action 
of  the  two  substances,  products  are  formed  which  are  much  more 
stable,  or  contain  much  less  free  energy,  than  when  the  substances 
act  separately.  For  chlorine  alone  would  yield  free  oxygen  along 
with  silicon  chloride ; charcoal  alone,  free  silicon  along  with  carbon 
monoxide ; whereas,  when  they  act  together,  the  formation  of  sub- 
stances with  a large  amount  of  energy,  such  as  oxygen  and  silicon, 
is  avoided.  Of  the  principle  which  forms  the  basis  of  this  reaction, 
use  is  frequently  made. 

Silicon  chloride  can  also  be  obtained  by  the  action  of  chlorine 
on  amorphous  silicon.  It  is  a colourless  liquid  which  boils  at  59° 
and  has  the  density  l-5.  In  moist  air  it  fumes  strongly,  since  it 
is  very  readily  decomposed  by  water  to  hydrogen  chloride  and  silicic 
acid:  SiCl4  + 4H20  = Si(OH)4  + 4HC1.  This  reaction  shows  it  to  be 
the  chloride  of  silicic  acid. 

If  silicon  is  heated  not  in  a current  of  chlorine  but  in  one  of 
hydrogen  chloride,  the  latter  is  decomposed  and  a chlorine  compound 
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of  silicon,  which  also  contains  hydrogen  and  has  the  composition  SiHCL  1 
is  formed.  On  account  of  the  similarity  of  this  formula  to  that  of 
chloroform  (p.  400),  tho  substance  has  been  called  silico-chloroform. 

It  is  a colourless  liquid  which  looks  like  silicon  chloride,  and,  like  this, 
is  also  decomposed  by  water;  it  boils,  however,  somewhat  lower,  viz.,',  I 
at  36°. 

Corresponding  to  these  chlorine  compounds,  there  are  also  bromine 
and  iodine  compounds  which  have  an  analogous  composition,  and  which,  . 1 
in  accordance  with  the  general  rule,  have  higher  boiling  points  than  t j 
the  chlorine  compounds,  but  which  otherwise  behave  quite  similarly 
and  are  obtained  in  a similar  manner.  Silicon  iodide  is  a solid  at  the  i 
ordinary  temperature,  and  passes  into  a liquid  only  at  120°. 

Silicon  Hydride. — A compound  of  the  composition  SiH4  is  i 
obtained,  mixed  with  much  hydrogen,  when  magnesium  containing 
silicon  is  dissolved  in  hydrochloric  acid.  Since  it  can  be  liquefied 
much  more  easily  than  hydrogen,  it  can  be  obtained  pure  by  cooling 
sufficiently  strongly.  It  possesses  the  property  of  igniting  spontane- 
ously in  the  air,  and  owing  to  the  formation  of  smoke  rings  of  silicon 
dioxide,  it  gives  rise  to  phenomena  which  are  quite  similar  to  those  .i 
which  are  seen  in  the  case  of  hydrogen  phosphide.  Its  behaviour, 
also,  with  respect  ' to  the  dependence  of  the  spontaneous  ignition  on 
the  density,  appears  to  be  similar  to  that  of  hydrogen  phosphide. 

Whereas,  therefore,  in  respect  of  the  formula,  silicon  hydride  and 
methane  (p.  398)  are  to  be  regarded  as  similar  compounds,  they  exhibit 
very  great  differences  in  their  chemical  properties.  Similar  differences 
are  also  found  in  the  case  of  many  other  compounds  of  carbon  and 
silicon  of  analogous  composition. 

Silicon  Fluoride. — With  fluorine  also,  silicon  combines,  yielding 
a compound  of  analogous  composition,  SiF4,  which  at  the  ordinary  tem- 
perature is  a gas.  This  compound  is  very  easily  obtained  by  allowing 
hydrogen  fluoride  to  act  on  silicon  dioxide.  Since  it  is  decomposed 
by  water,  dehydrating  agents  must  be  added  to  destroy  the  action  of 
the  water  which  is  formed  in  the  process.  This  is  most  simply  accom- 
plished by  treating  a mixture  of  silicon  dioxide  and  a saline  fluorine 
compound  (e.g.  fluor-spar  or  calcium  fluoride)  with  an  excess  of  con- 
centrated sulphuric  acid.  In  place  of  silicon  dioxide  any  silicate  can 
be  taken,  since  the  hydrogen  fluoride  which  is  formed  acts  in  the  same 
way  on  all  silicates. 

* This  reaction  is  of  great  importance  analytically,  since  it  gives  us 
the  means  of  bringing  into  solution,  and  thereby  making  accessible 
to  analysis,  the  natural  and  artificial  silicates,  which  otherwise  show 
great  resistance  to  chemical  actions.  For  this  purpose  the  silicates  aie 
covered  with  strong  hydrofluoric  acid  and  evapoi'ated  at  a gentle  heat. 

In  this  process  a platinum  dish  must  be  used,  as  vessels  of  othei 
material  are  attacked.  The  silicon  fluoride  passes  oft  in  proportion 
as  it  is  formed,  and  the  metals  present  are  obtained  as  fluorides.  Since 
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these  would  give  bother  in  the  further  analysis,  the  evaporation  is 
completed  with  the  addition  of  sulphuric  acid,  the  fluorides  thereby 
passing  into  sulphates. 

Silicon  fluoride  is  a gas  at  the  ordinary  temperature,  and  passes, 
under  the  influence  of  pressure  and  cold,  into  a liquid  which  boils  at 
about  - 100°. 

In  contact  with  water,  silicon  fluoride  also  undergoes  change;  this, 
however,  follows  a somewhat  different  coiu’se  from  that  in  the  case  of 
the  other  halogen  compounds.  Instead  of  simply  yielding  hydrogen 
fluoride  and  silicic  acid,  an  intermediate  product,  hydrofluosilicic 
acid,  is  formed  according  to  the  equation  3SiF4  + 4H20  = 2H2SiF0  + 
Si(OH)4. 

Whereas  the  silicic  acid  separates  out,  the  hydrofluosilicic  acid  dis- 


• 'solves  in  water  and  imparts  to  it  an  acid  reaction.  Where  it  is 
desired  to  obtain  the  latter,  it  is  expedient  to  add  so  much  hydro- 
fluoric acid  to  the  liquid  that  the  silicic  acid  which  separates  out  mostly 
. passes  into  solution  again — 

[ Si(OH)4  + 6HF  = H2SiF6  + 4H20. 

k 1 The  yield  of  acid  is  thereby  increased  and  the  troublesome  filtration 
f avoided. 

Since  the  silicic  acid  which  is  formed  would  soon  stop  up  the 
delivery  tube,  it  is  necessary  either  to  use  an  inverted  funnel,  through 
which  the  gas  is  allowed  to  pass  into  the  water,  or  the  delivery  tube 
is  made  to  open  under  the  surface  of  a layer  of  mercury  placed  at  the 
; bottom  of  the  vessel  of  water  (Fig.  103). 

Hydrofluosilicic  acid  is  known  only  in  aqueous  solution.  On 
evaporating  such  a solution,  the  acid  passes  off  entirely ; and  if  the 
evaporation  is  carried  out  in  a vessel  of  glass  or  of  porcelain,  an 
etched  spot  is  produced.  This  is  due  to  the  fact  that  the  hydrofluo- 
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silicic  acid  decomposes  into  silicon  fluoride  and  hydrofluoric  acid  ir. ; 
proportion  as  the  solution  loses  water ; the  former  escapes  as  a gas,  anc.  J i 
the  hydrofluoric  acid  exerts  its  usual  etching  action.  While, 'therefore  II 
a solution  of  hydrofluosilicic  acid  does  not  itself  attack  glass,  it  does  sc- 
if  it  is  evaporated. 

,,f  On  these  chemical  processes  depends  the  etching  of  glass,  which  - 
serves  not  only  for  the  ornamentation  of  objects  of  daily  use,  but  istj 
still  more  important  in  the  manufacture  of  scientific  apparatus.  If  a 
glass  surface  is  coated  with  wax,  resin,  or  other  substance  capable  of 
withstanding  the  action  of  hydrofluoric  acid  for  some  time,  and  this 
coating  is  then  removed  where  necessary,  the  surface  of  the  glass,  on 
subsequent  treatment  with  hydrofluoric  acid,  is  attacked  at  all  those-, 
parts  which  are  uncovered,  while  the  protected  parts  retain  their  s 
polish. 

* For  example,  in  order  to  graduate  a burette  (p.  186),  a suitable  -, 
tube,  on  which  the  desired  volume  has  been  measured  off,  is  coated  ; 
with  melted  wax  and  the  necessary  strokes  made  in  this  coating  by , 
means  of  the  dividing  engine.  After  marking  the  figures  also,  concen-:. 
trated  hydrofluoric  acid  is  brushed  into  the  marks  and  again  washed  • 
off  after  a few  minutes.  If  the  wax  is  then  removed,  the  marks  are « 
found  as  hollowed  lines  in  the  glass,  because  the  hydrofluoric  acid 
dissolves  a part  of  the  glass  wherever  it  comes  into  contact  with  it. 

* The  etching  can  be  performed  more  cheaply,  but  not  so  conveni- 
ently, by  first  preparing  hydrofluoric  acid  from  a mixture  of  fluor-spar, 
and  sulphuric  acid.  The  object  is  then  placed  over  the  mixture  and 
the  etching  effected  by  means  of  the  vapours  of  the  acid  which  are 
evolved.  This  requires  a considerably  longer  time,  the  length  of  which 
depends  on  the  temperature. 

* The  etching  produced  by  the  vapours  is  dull,  while  that  effected 
by  the  liquid  acid  is  clear.  This  is  due  to  the  fact  that  in  the 
first  case  only  the  gaseous  silicon  fluoride  escapes,  and  the  other  con- 
stituents of  the  glass  are  left  behind,  while  in  the  second  case  the 
glass  is  completely  converted  into  soluble  substances  at  the  parts 
attacked.  If  to  the  aqueous  acid  substances  are  added  which  produce 
a precipitate  on  the  glass,  especially  the  alkali  salts  of  hydrofluoric  > 
acid,  a dull  etching  can  also  be  obtained  with  the  solution  of  the  acid.  . 

Hydrofluosilicic  acid  is  a dibasic  acid  which  forms  many  difficultly 
soluble  salts.  Thus  the  salts  of  the  alkali  metals,  more  especially,  are 
almost  insoluble  in  water,  and  barium  silicofluoride  is  so  to  such  a i 
degree  that  it  is  used  for  the  separation  of  barium  in  analysis.  The 
acid  is  stable  in  acid  solution ; by  excess  of  alkali  it  is,  however,  decom-  « 
posed  with  formation  of  a silicate  and  a fluoride.  To  this  is  due  the  < 
peculiar  behaviour  in  the  titration  of  this  acid  with  alkali,  e.g.  'nth 
caustic  soda.  If  this  base  is  added  to  a solution  of  hydrofluosilicic 
acid  coloured  with  litmus,  a blue  coloration,  certainly,  is  produced 
when  an  amount  of  the  alkali  has  been  added  corresponding  to  t e 
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hydrogen  of  the  acid.  After  a few  minutes,  however,  this  colour  again 
; passes  into  red,  and  twice  as  much  soda  can  be  still  added  before  the 
- solution  remains  permanently  blue.  This  is  due  to  the  occurrence  of 
the  following  reaction  : — 

H2SiF0  + GNaOH  = 6NaF  + Si(OH)4  + 2H,0. 

• Sodium  fluoride  and  silicic  acid  are  formed.  Since  the  latter  does  not 
t act  on  litmus,  the  blue  coloration  occurs  when  GNaF  are  formed. 

On  this  behaviour  of  the  salts  of  hydrofluosilicic  acid  an  analytical 
method  for  the  determination  of  the  alkali  metals  can  be  based,  since 
these  form  difficultly  soluble  silicofluorides,  which  experience  the  above 
decomposition. 

Carborundum. — Of  the  other  compounds  of  silicon  Ave  shall  still 
mention,  on  account  of  its  technical  importance,  silicon  carbide  or  car- 
bon silicide.  This  is  a greenish  or  black-coloured  mass  obtained  by 
allowing  carbon  to  act  on  silicon  dioxide  at  the  very  high  temperature 
of  the  electric  furnace:  Si02  + 3C  = SiC  + 2CO.  The  compound  is 
■1  distinguished  by  its  very  considerable  hardness,  and  is  therefore  used  in 
the  arts  as  a grinding  material.  In  chemical  respects  it  is  very  resist- 
ant, since  it  is  scarcely  combustible,  the  silicon  dioxide  which  is  formed 
covering  the  surface  with  a coating  which  is  impermeable  for  oxygen. 
It  is  slowly  attacked  when  fused  with  caustic  soda  with  access  of  air, 
sodium  carbonate  and  silicate  being  formed. 

Technically,  the  substance  is  called  carborundum. 
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General. — Among  the  non-metallic  elements  boron,  occupies  a rather1 
isolated  position,  since  the  elements  most  nearly  related  to  it  must  be  • 
sought  for  among  the  metals,  namely  among  the  earth  metals.  On 
account  of  the  properties  of  the  free  element  and  of  those  of  the  com- 
pounds, it  is,  however,  not  expedient  to  give  boron  a place  among  the  r. 
metals.  It  may  best  be  classed  along  with  silicon,  from  which  it  t 
differs,  however,  in  its  typical  compounds  having  a different  composi- 
tion. 

Boron  is  a solid  substance  which  is  capable  of  existing  in  several 
different  forms,  one  amorphous  and  at  least  one  crystalline.  Amor- 
phous boron  is  obtained  by  passing  the  vapours  of  the  chlorine  com- 
pound over  heated  sodium,  or,  quite  similarly  to  silicon,  by  igniting  . 
the  oxygen  compound  with  magnesium.  After  the  removal  of  the 
admixtures,  it  forms  a black  powder  of  the  density  2 -5,  which  in  many 
respects  behaves  similarly  to  charcoal,  but  is  more  easily  oxidised ; this  - 
occurs  more  especially  by  means  of  strongly  oxidising  solutions  even 
at  the  room  temperature. 

By  the  fusion  of  boron  trioxide  ( vide  infra)  with  aluminium,  crystal- 
lised boron  is  obtained,  which,  on  account  of  its  hardness,  has  been 
called  “ adamantine  boron.”  It  is  not  obtained  quite  pure  in  this  way, 
but  contains  aluminium  derived  from  its  preparation.  Since  this  - 
metal  is  the  element  most  nearly  related  to  boron,  the  product  is  not 
to  be  looked  upon  as  a compound,  but  as  a mixture  (possibly  with  a 
diamond-like  form  of  aluminium  isomorphous  with  boron,  and  not  known 
by  itself). 

Boron  containing  carbon,  and  obtained  from  the  two  elements  at 
a very  high  temperature,  is  of  a similar  character,  and  also  possesses  ■ 
an  adamantine  hardness.  This  also  ought  most  probably  to  be  regarded  ; 
as  a mixture,  and  not  as  a chemical  compound. 

The  two  forms  probably  stand  to  one  another  in  the  relation  that 
amorphous  boron  is  unstable  with  respect  to  the  crystalline,  as  vhite 
phosphorus  is  with  respect  to  red.  In  this  case,  however,  the  velocity 
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of  transformation  at  temperatures  below  a red-heat  is  apparently 
i immeasurably  small. 

The  combining  weight  of  boron  is  not  known  with  great  exactness; 
it  may  be  put  clown  at  B = 1 1. 

Boric  Acid. — Of  the  compounds  of  boron,  the  most  important  are 
boron  trioxide,  B203,  and  the  corresponding  boric  acid,  which  is  formed 
from  the  trioxide  by  taking  up  the  elements  of  water.  The  limiting 
I compound  which,  on  analogy  with  orthophosphoric  acid,  may  be  called 
orthoboric  acid,  is  represented  by  the  formula  B(OH)3.  Although  it 
is  known  in  the  free  state,  salts  of  the  acid  are  not  known  with 
certainty.  On  the  contrary,  all  known  salts  are  derived  from  “ con- 
densed ” acids. 

In  nature,  boric  acid  occurs  as  sassoline  in  lustrous,  generally  some- 
what yellowish  coloured  scales,  which  have  a soft  and  smooth  feeling 
and  are  soluble  in  water.  Hot  water  dissolves  a large  quantity,  cold 
water  comparatively  little.  The  crude  boric  acid  can,  therefore,  be 
, easily  purified  by  recrystallisation.  The  purification  is  still  more  suc- 
cessfully effected  by  converting  the  boric  acid  into  its  sodium  salt, 
borax,  and  decomposing  this,  after  recrystallisation,  in  concentrated 
solution  with  an  acid,  e.g.  hydrochloric  acid.  The  boric  acid  then 
i crystallises  out  as  •white  scales. 

Boric  acid  is  a very  weak  acid,  whose  salts,  on  dissolution  in  water, 
are  hydrolytically  dissociated.  The  aqueous  solution  of  the  acid  has 
a scarcely  acid  reaction,  and  conducts  electricity  only  slightly  better 
than  pure  water.  Further,  it  cannot  be  titrated  with  caustic  soda, 

• since  the  alkaline  reaction  is  gradually  produced  without  a definite 
■ relation  between  acid  and  base  being  observed. 

On  being  heated,  boric  acid  loses  water  and  passes  into  boron 
: trioxide  : 2H3B03  = B203  + 3H20.  The  anhydride  formed  melts  to  a 

I glass-like  mass,  which  is  viscous  and  can  be  drawn  into  long  threads. 
The  fused  substance  dissolves  various  oxides  of  metals,  and  can, 
therefore,  be  used  in  soldering ; for  this  purpose,  however,  the  more 
readily  fusible  alkali  salts  of  boric  acid  are  employed. 

Boric  acid  has  fairly  strong  antiseptic  action,  and  is  therefore  used 
in  medicine  and  for  pickling  meat. 

A very  remarkable  property  of  boric  acid  is  that  it  is  fairly 
s;  readily  volatile  with  steam,  while  its  anhydride  is  highly  resistant  to 
heat.  As  a comparison  with  the  other  anhydrides,  e.g.  that  of 
- sulphuric  acid,  shows,  this  behaviour  is  unusual,  for  in  by  far  the 
greater  number  of  cases  the  anhydrides  are  much  more  readily 
volatile  than  the  hydrates. 

On  this  volatility  of  boric  acid  with  steam  depends  the  method  of 
obtaining  it.  In  the  volcanic  districts  of  Tuscany,  vapours  containing 
; boric  acid  issue  from  the  earth.  By  first  passing  these  vapours  into 
1 water  and  evaporating  this  water  at  a lower  temperature,  crystallised 
boric  acid  is  obtained.  The  fact  that  all  the  boric  acid  does  not 
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thereby  again  pass  oil'  with  the  steam  indicates  that  the  ratio  of  boric  ij 
acid  to  water  vapour  is  at  lower  temperatures  probably  much  smaller  ■ 
than  at  higher ; as  to  this,  however,  nothing  is  known  with  certainty. 

AVith  the  vapour  of  alcohol,  boric  acid  is  still  more  readily  volatile,  ji 
In  this  case  it  is  the  formation  of  a compound,  an  ester  (p.  402),  which’ 
effects  the  volatilisation.  If  the  alcohol  is  set  on  fire,  the  flame  is  .si 
coloured  green  by  the  volatile  ester  of  boric  acid.  This  phenomenon: 
can  be  used  for  the  detection  of  boric  acid ; if  this  is  in  the  form  of  a . 
salt,  it  is  only  necessary  to  rub  it  up  with  sulphuric  acid  and  to  pour 
alcohol  over  the  mixture,  in  order  to  obtain  the  reaction. 

As  in  the  case  of  phosphoric  and  silicic  acids,  there  exist  also  in 
the  case  of  boric  acid  various  “condensed”  acids,  which  are  derived 
from  orthoboric  acid,  B(OPI)3,  by  the  loss  of  the  elements  of  water. 
From  orthoboric  acid  only  the  monobasic  “metaboric  acid”  can  be- 
directly  formed  in  this  way ; much  greater  diversity,  however,  is  - 
produced  when  several  combining  weights  of  boric  acid  together  lose  ■. 
the  elements  of  water.  Of  the  many  such  forms  possible,  we  shall  , 
mention  only  one,  the  dibasic  tetraboric  acid  H2B407,  the  formation  of  ; 
which  is  represented  by  the  equation  4B(OH)3  - 5H90  = H9B40r 
This  is  the  acid  of  the  best  known  of  all  soluble  borates,  viz.,  borax,  , 
Na2B407. 

The  boric  acids,  like  the  silicic  acids,  form  soluble  salts  with  the 
alkali  metals,  whereas  all  other  metals  yield  difficultly  soluble  salts. 
When  heated,  the  borates  fuse  to  glass-like  masses ; in  this  state  they 
dissolve  the  oxides  of  the  heavy  metals,  which  then  often  exhibit  i 
characteristic  colours.  These  phenomena  serve  for  the  detection  of 
such  metals  in  analysis.  Borates  are  also  added  to  glass  and  enamel 
in  order  to  impart  to  these  particular  properties,  e.g.  fusibility,  small  1 
expansion  with  heat,  and  low  power  of  refraction  of  light. 

Other  Compounds  of  Boron. — On  heating  amorphous  boron,  or 
a mixture  of  boron  trioxide  and  charcoal,  in  a current  of  chlorine, 
there  is  obtained,  as  in  the  case  of  silicon,  a readily  volatile  chlorine 
compound  which  condenses  in  the  strongly  cooled  receiver  to  a liquid. 
In  the  pure  state  this  is  colourless,  boils  at  17°,  and  fumes  strongly 
in  moist  air,  since  it  undergoes  decomposition  with  water  to  boric 
and  hydrochloric  acids  : BC13  + 3H20  = H3B03  + 3HC1.  From  the 
vapour  density,  the  molar  weight  of  this  compound  is  found  to  be  117, 
so  that  three  combining  weights  of  chlorine  are  contained  in  it.  This 
is  the  reason  why  the  combining  weight  of  boron  was  not  so  chosen 
that  its  compounds  could  be  formulated  in  accordance  with  those  of 
silicon.  Similar  reasons  are  furnished  by  the  other  halogen  com- 
pounds of  boron  which  will  presently  be  mentioned. 

Boron  trichloride  can  be  regarded  as  the  chloride  of  orthoboric 
acid,  the  three  hydroxyls  of  which  are  replaced  by  chlorine.  It  may, 
therefore,  be  presumed  that  it  is  formed  by  the  general  method  ot 
preparation  of  the  acid  chlorides,  by  the  action  of  phosphorus  penta 
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chloride  on  the  acid.  This  is,  as  a matter  of  fact,  the  case,  the  reaction 
B(OH)3  + 3PC15  = BClg  + 3P0C13  + 3HC1  being  possible. 

With  bromine,  boron  forms  a tribromide,  which  is  quite  similar  to 
the  chloride. 

Boron  trifluwide  is  obtained  as  a colourless  gas,  which  fumes  strongly 
in  the  air  and  is  quite  similar  to  silicon  fluoride,  by  warming  boron 
trioxide  with  fluor-spar  and  concentrated  sulphuric  acid.  In  water  it 
dissolves  with  great  rise  of  temperature  and  separation  of  boric  acid  ; 
in  the  solution  there  remains  hydrofluoboric  acid,  HBF4.  This,  it  is 
true,  has  a different  composition  from  hydrofluosilicic  acid,  but  behaves 
quite  similarly ; for  example,  it  also  forms  difficultly  soluble  salts  Avith 
the  alkali  metals. 

The  reaction  takes  place  according  to  the  equation  4BF3  + 3H.,0  = 
3HBF4  + B03H3. 

I Hydrofluoboric  acid  is  also  obtained  by  adding  boric  acid  or 
boron  trioxide  to  aqueous  hydrofluoric  acid ; these  are  quickly  dis- 
solved Avith  considerable  rise  of  temperature. 

Of  the  other  compounds  of  boron,  boron  nitride  should  be 
mentioned.  It  is  formed  by  the  direct  combination  of  boron  Avith 
nitrogen,  and  is  generally  formed  in  the  preparation  of  boron  if  air 
be  not  excluded.  It  can  also  be  obtained  by  igniting  boron  trioxide 
j Avith  charcoal  in  a current  of  nitrogen.  When  pure,  it  forms  a Avhite 
poAvder  Avhieh  phosphoresces  in  the  flame,  and  Avhen  heated  to  a 
moderate  temperature  Avith  Avater  vapour  is  decomposed  to  boric  acid 
. and  ammonia  : BN  + 3H90  = B03H3  + NH3. 
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Argon.— It  has  already  been  mentioned  (p.  314)  that  the  nitrogei 
obtained  from  the  air  differs  from  the  “ artificial,”  i.e.  obtained  from: 
chemical  compounds,  in  having  a somewhat  greater  density.  This  at.i 
first  puzzling  phenomenon  was  finally  explained  (Rayleigh  and  I 
Ramsay,  1894)  by  the  fact  that  in  atmospheric  nitrogen  another  gas.- 
is  contained  which  resembles  nitrogen  in  its  disinclination  to  form 
chemical  compounds,  and  indeed,  in  this  respect,  is  considerably, 
its  superior. 

By  converting  the  nitrogen  of  the  air  into  non-gaseous  compounds,' 
the  other  constituent,  which  has  been  called  argon,  can  be  obtained 
pure.  For  this  purpose  there  may  be  employed,  for  example,  the. 
property  of  nitrogen  of  combining  with  oxygen  under  the  influence  of : 
the  electric  discharge  (p.  347).  The  nitrogen  peroxide  thus  formed  is.: 
absorbed  by  caustic  soda,  and  by  adding  the  necessary  amount  of ; 
■oxygen  the  reaction  can  be  continued  till  all  the  nitrogen  is  used  up. 
The  excess  of  oxygen  can  then  be  easily  removed  by  means  of  heated <j 
copper  or  phosphorus  (p.  316).  The  same  end  is  attained  by  the  use 
of  certain  metals,  e.g.  magnesium  or  lithium,  which  readily  absorb  j 
nitrogen  at  a red-heat.  A mixture  of  lime,  magnesium,  and  some  ' 
sodium  has  been  found  very  suitable. 

The  residual  gas  is  colourless,  odourless,  and  tasteless,  and  has,  in  3 
accordance  with  its  density,  the  molar  weight  40.  It  is,  therefore, 
considerably  more  dense  than  nitrogen  and  oxygen.  In  the  air  it 
forms  the  0'009  part  by  volume  and  the  0’012  part  by  weight,  and 
the  ratio  of  it  to  the  other  constituents  of  the  air  is  not  subject  to  any 
appreciable  variations. 

Since  the  gas  does  not  form  any  compounds  with  other  elements,  - 
no  combining  weight,  properly  speaking,  can  be  assigned  to  it.  Om 
the  basis  of  the  law  of  Gay-Lussac  (p.  139),  it  may,  however,  be- 
assumed  that  if  it  did  form  any  compounds,  these  must  be  formed  . 
with  other  gases  in  simple  ratios  by  volume,  and  that,  therefore,  the 
normal  weight  40,  or  some  fraction  of  it,  must  be  equal  to  the  com-  < 
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bining  weight.  What  this  fraction  is,  however,  cannot  a priori  be 
, stated. 

A decision  can  he  here  arrived  at  by  means  of  the  relation  which 
has  been  found  to  exist  in  the  case  of  other  gases  between  the  com- 
position  and  the  capacity  for  heat.  By  capacity  for  heat  there  is 
understood  the  ratio  of  the  heat  communicated  to  a body  to  the  rise 
of  temperature  produced.  This  ratio  is  evidently  all  the  greater,  the 
greater  the  amount  of  substance  subjected  to  the  experiment.  If  it  is 
referred  to  one  mole  (p.  156)  of  the  substance,  this  special  capacity  for 
heat  is  called  the  molecular  heat  or  molar  heat  of  the  particular  sub- 
stance. 

If  the  amount  of  heat  be  measured  in  Joules  (p.  118),  and  the 
changes  of  temperature,  as  usual,  in  centigrade  degrees,  the  following 
are  the  molecular  heats  of  a number  of  gases  : — 


Oxygen 

02 

21 

Carbon  dioxide 

CO„ 

32 

N itrogen 

n2 

20 

Nitrous  oxide 

Not) 

33 

Hydrogen 

h2 

20 

Water  vapour 

H'O 

28 

Nitric  oxide 

NO 

21 

Phosphorous  chloride 

PC13 

68 

Carbon  monoxide 

CO 

20 

Chloroform 

CHC13 

69 

Hydrogen  chloride 

HC1 

20 

The  smallest  values  of  the  molecular  heats  are,  accordingly,  20, 
i . and  are  found  in  the  case  of  those  gases  which  contain  two  combining 
weights  in  the  molar  weight ; it  is  thereby  a matter  of  indifference 
whether  the  combined  elements  are  like  or  different. 

On  determining  the  molecular  heat  of  argon,  however,  the  value 
12  is  obtained — a value,  therefore,  which  is  much  smaller  than  that  for 
all  the  gases  given.  This  leads  to  the  presumption  that  argon  is  still 
more  simple  in  composition  than  these  gases,  i.e.  that  its  molar  and 
combining  weights  coincide,  and  that  the  formula  of  gaseous  argon  is 
■.given  by  the  simple  symbol  A,  and  not  A9. 

This  presumption  can  be  tested  by  analogy.  From  the  chemical 
'behaviour  of  mercury , the  same  conclusion  has  been  drawn  ; mercury 
vapour  must  also  have  the  formula  Eg  and  not  Hg2,  since  the  com- 
bining weight  and  the  molar  weight  have  both  been  found  equal  to 
200.  As  a matter  of  fact,  the  determination  of  the  molecular  heat 
of  mercury  has  yielded  the  value  13. 

There  is  therefore  sufficient  reason  for  assuming  the  identity  of 
■the  molar  and  combining  weights  of  argon,  and  for  ascribing  to 'this 
i element  the  combining  weight  40,  whereby  the  formula  of  gaseous 
argon  becomes  A. 

For  the  rest,  argon  behaves  similarly  to  the  other  gases.  At 
- 187°,  under  ordinary  pressure,  it  becomes  liquid. 

; If  electric  discharges  are  passed  through  rarefied  argon,  a spectrum 
of  numerous  lines  is  obtained.  According  to  the  pressure  and  the 
t electrical  conditions,  three  different  spectra  are  obtained,  the  light  in 
the  tube  appearing  blue,  red,  or  white. 
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Helium. — A considerable  time  ago  the  name  helium  was  given  to 
an  unknown  element,  the  presence  of  which  in  the  sun’s  atmosphere  j 
had  been  concluded  from  the  occurrence  of  a strong  and  constant  line  ' 
in  the  yellow-green  of  the  spectrum  which  could  not  be  referred  to  any 
known  terrestrial  element.  In  his  investigations  on  the  occurrence  of  f j 
argon  in  minerals,  the  same  line  was  found  by  Ramsay,  one  of  the 
discoverers  of  argon,  in  the  gases  which  are  evolved  on  the  ignition  of 
certain  minerals,  e.g.  cleveite,  and  he  established  the  fact  that  it  was 
due  to  a gas  similar  to  argon,  and  it  accordingly  received  the  name  j 
helium. 

Helium  is  found  in  some  rare  minerals  which  contain  the  element 
uranium,  and  is  obtained  from  these  by  heating.  From  any  nitrogen 
which  may  be  present,  it  can  be  freed  in  the  same  way  as  was  jj 
given  in  the  case  of  argon ; from  the  argon  which  is  sometimes  • 

also  present,  it  must  be  separated  by  diffusion  through  a porous 

clay  partition1  (p.  93). 

Helium  is  a very  light  gas,  the  molar  weight  of  which  is  only  4 ; 
it  is,  therefore,  only  twice  as  heavy  as  hydrogen.  Its  critical  tern-  ; 
perature  lies  accordingly  very  low.  For  the  rest,  it  shares  the  ■ 

properties  of  argon,  and  has,  more  especially,  the  small  molecular 

heat  12,  so  that  its  combining  weight  must  be  put  equal  to  its  molar  ; 
weight.  With  this  value,  He  = 4,  helium  is,  next  to  hydrogen,  the 
element  with  the  smallest  combining  weight,  so  far  as  one  can  speak  j 
of  such  a thing  in  the  case  of  an  element  which  does  not  form  any 
known  compounds. 

Further,  in  the  residue  from  the  evaporation  of  liquid  atmospheric  ; 
air,  still  a number  of  other  gases  have  been  discovered,  which  are 
characterised  by  their  spectra  and  their  density.  They  all  likewise 
possess  the  small  value  of  the  molecular  heat,  and  in  all  cases,  there- 
fore, the  molar  weight  has  been  put  equal  to  the  combining  weight. 
Their  names  are  neon  (Ne  = 20),  krypton (Kr  = 81  ‘8),  and  xenon  (X  = 1 28).  J 

1 The  separation  is  also  effected  by  fractional  distillation.  On  cooling  the  gases  by 
means  of  liquid  air,  the  argon  condenses  and  the  helium  remains  as  a gas,  dissolved,  . 
perhaps,  in  the  liquid  argon.  On  allowing  the  temperature  to  rise,  the  helium  escapes  • 
first.  By  repeating  the  liquefaction  and  gasification,  the  gases  can  be  separated.— Tr. 


CHAPTER  XX 


POTASSIUM 

General  Remarks  on  the  Chemistry  of  the  Metals. — Although 
the  number  of  the  metallic  elements  is  much  greater  than  that  of  the 
non-metals,  the  chemistry  of  them  is  much  simpler  and  comparatively 
less  diverse.  This  is  due  to  the  fact  that  by  far  the  largest  number 
and  the  most  important  of  the  compounds  of  the  metals  are  of  a saline 
character.  Now,  we  have  seen  generally,  that  the  properties  of  the 
salts  in  aqueous  solution  are  conditioned  essentially  by  the  properties 
of  their  ions.  If,  therefore,  a metal,  e.g.  silver,  forms  only  one  kind 
of  cation,  the  behaviour  of  all  its  salts  in  aqueous  solution  is  known, 
if  that  of  this  particular  cation  is  known  ; a knowledge  of  the  anions, 
which  have  mostly  been  treated  in  the  chemistry  of  the  non-metals,  is 
hereby  supposed  given. 

So  far,  then,  as  the  behaviour  in  aqueous  solution  is  concerned, 
the  chemistry  of  the  metals  is  essentially  given  with  the  knowledge  of 
the  metal  ions.  In  analytical  chemistry  we  are  concerned  almost 
entirely  with  aqueous  solutions,  and  to  what  we  there  learn  it  is 
generally  sufficient  to  add  a statement  of  the  solubility  relations  of 
certain  difficultly  soluble  salts,  in  order  to  obtain  the  foundation  of 
analytical  chemistry.  For  general  chemistry,  however,  it  is  necessary 
to  add  a knowledge  of  the  compounds  in  the  solid  state  as  well  as  of 
the  non-saline  or  indifferent  compounds  which  also  exist  in  the  case  of 
the  metals,  whereby  greater  diversity  is  produced. 

Some  variety  is,  however,  found  among  the  ions  themselves. 
Many  metals  form  not  only  elementary  ions  with  different  properties, 
the  differences  between  which  are  connected  with  different  valency’ 
but  they  are  also  capable  of  forming  with  other  elements  complex  ions 
with  special  properties.  New  groups  of  substances  are  thereby  formed, 
and  in  this  direction  inorganic  chemistry  is  developing  a very  great 
I diversity,  which  at  the  present  time  is  by  no  means  exhausted — in  many 
j cases  indeed,  its  outlines  are  scarcely  known. 

In  general,  it  must  be  said  that  every  anion  will  be  able  to  form  a 
i salt  with  every  cation.  By  virtue  of  a general  rule,  most  of  the  salts 

435 


436  PRINCIPLES  OF  INORGANIC  CHEMISTRY  chap. 

in  dilute  aqueous  solution  are  extensively  dissociated  into  their  ions, 
so  that  the  properties  of  these  solutions  differ  but  little  from  the  sum 
of  the  properties  of  the  ions.  Where,  therefore,  specific  properties, 
which  do  not  correspond  to  this  rule,  are  met  with  in  salt  solutions,  it 
can  be  concluded  with  certainty  that  the  dissociation  of  the  salt  present  ' jl 
is  small.  From  the  comparatively  great  rarity  of  such  exceptions,  there 
follows,  conversely,  the  great  generality  of  the  rule  just  stated. 

In  the  following  descriptions  of  the  different  metals,  therefore, 
stress  will  be  laid  on  the  statement  of  the  ions  which  can  be  formed 
from  them,  and  the  properties  essential  for  their  characterisation  will 
be  mentioned.  In  general,  the  methods  employed  for  the  detection 
and  determination  of  the  metals  will  be  thereby  given.  To  this  there 
is  added  the  chemistry  of  those  solid  compounds  of  the  metals  which 
are  in  any  way  important  enough  to  find  mention  in  this  elementary 
work. 

Potassium. — While  the  knowledge  of  some  of  the  potassium  com- 
pounds can  be  followed  back  almost  to  the  most  remote  monuments  of 
culture,  the  characterisation  of  the  potassium  compounds  as  derivatives 
of  a special  element  was  first  effected  towards  the  end  of  the  eighteenth  , 
century  by  Marggraf.  On  account  of  the  preparation  of  potassium 
carbonate  from  cream  of  tartar,  which  is  deposited  in  the  barrels  in  the 
fermentation  of  wine,  that  compound  received  the  name  of  vegetable 
alkali,  in  contradistinction  to  mineral  alkali,  sodium  carbonate  or  soda. 
Although  potassium  hydroxide  or  caustic  potash  could  not  be  decom- 
posed, it  was  long  felt  that  it  was  no  simple  substance ; but  the  actual 
proof  that  a metallic  element  formed  the  basis  of  the  potassium  com- 
pounds was  first  given  in  1807  by  H.  Davy,  who  decomposed  potassium 
hydroxide  by  an  electric  current  derived  from  a voltaic  battery,  which 
had  just  then  been  invented. 

After  it  had  been  obtained  in  this  way,  the  method  of  preparing  it 
by  purely  chemical  means  was  soon  discovered,  a method  which  was 
for  long  the  only  one  employed.  The  most  important  of  these  re- 
actions is  the  heating  of  potassium  carbonate  with  charcoal ; carbon 
monoxide  and  metallic  potassium  are  formed,  the  latter  of  which 
volatilises  and  is  condensed  under  rock  oil : K2C03  + 2C  = 2K  + 3CO. 
Quite  recently  the  electrical  method  of  preparing  it  has  been  again 
adopted,  since  the  necessary  electrical  energy  can  now  be  cheaply 
generated  in  any  desired  amount. 

Potassium  is  a silver- white  metal  which  melts  at  62°,  and  which, 
even  at  the  room  temperature,  is  so  soft  that  it  can  be  kneaded  and 
easily  cut  with  a knife.  At  720°  it  volatilises;  the  vapour  is  blue- 
cmeen  in  colour.  The  colour  can  be  rendered  visible  by  heating  the 
metal  in  a glass  tube  which  is  filled  with  a gas  or  vapour  free  from 
oxygen  ; the  phenomenon,  however,  is  visible  only  for  a moment,  since 
the  potassium  vapour  quickly  attacks  the  glass,  which  thereby  becomes 
covered  with  a black  coating  of  liberated  silicon. 
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Potassium  combines  with  very  great  readiness  with  oxygen,  so  that 
it  decomposes  almost  all  substances  which  contain  that  element.  In 
the  air,  therefore,  under  the  joint  action  of  the  water  vapour,  it 
immediately  becomes  tarnished,  owing  to  the  formation  of  a layer  of 
hydroxide,  and  its  metallic  lustre  can  be  observed  only  immediately 
after  a fresh  surface  has  been  made.  If  it  is  enclosed  in  a tube  which 
is  exhausted  or  filled  with  hydrogen,  and  then  fused,  the  metallic  sur- 
face can  thus  be  rendered  visible  and  permanently  preserved. 

On  account  of  this  property,  potassium  must  be  kept  in  such  a way 
that  oxygen  has  no  access  to  it.  In  large  quantities  it  is  preserved  in 
a soldered  tin ; smaller  quantities  are  kept  under  rock  oil,  since  this 
liquid  does  not  contain  oxygen.  It,  however,  absorbs  gaseous  oxygen, 
and  the  potassium  kept  under  rock  oil  soon  becomes  covered  with 
a grey-brown  crust  which,  however,  only  slowly  becomes  thicker  and 
protects  the  metal  fairly  well. 

It  is  very  remarkable  that  in  dry  oxygen  potassium  is  not 
(i.e.  is  only  very  slowly)  oxidised,  whereas  the  smallest  amount  of 
water  immediately  produces  a rapid  reaction.  We  have  already  (p.  396) 
met  with  examples  of  such  catalytic  acceleration  of  oxidation  processes 
due  to  the  presence  of  water.  Such  behaviour,  however,  in  spite  of  its 
great  generality,  must  not  be  regarded  as  universal,  for  instances  of 
oxidation  processes  have  been  proved  ( e.g . the  combination  of  nitric 
oxide  with  oxygen,  p.  324)  where  the  reaction  takes  place  with  un- 
diminished velocity,  even  between  the  very  carefully  dried  substances. 

Concerning  the  determination  of  the  combining  weight  of  potassium, 
the  essential  points  have  already  been  given  under  chlorine  (p.  222).  It 
amounts  to  K = 39-14. 


Potassion. — Potassium  can  form  only  one  kind  of  ion,  viz.,* the 
monovalent  potassion,  K'.  With  metallic  potassium  the  formation 
takes  place  with  very  great  ease  and  energy.  The  chemical  properties 
of  the  metal  are  essentially  characterised  by  this  fact,  for  it  reacts  on 
other  substances  in  such  a way  that  it  passes  into  potassion,  i.e.  it 
forms  a salt.  Since,  further,  the  passage  of  a solid  salt  into  a dissolved 
one  is  in  general  accompanied  by  only  a slight  change  of  energy,  it  is  of 
no  essential  importance  for  these  reactions  of  potassium  whether  a dis- 
solved or  a solid  salt  is  produced. 

Isolated  examples  of  such  reactions  have  already  been  mentioned  • 
the  method  of  obtaining  silicon  and  boron  from  their  halogen  com- 
pounds may  be  recalled.  Since  in  these  reactions  the  halogen  com- 
pounds of  potassium,  i.e.  salts  of  the  metal,  are  formed,  they  come 
under  the  rule  just  stated. 

The  amount  of  heat  which  is  liberated  in  the  formation  of  potassion 
trom  the  metal  is  very  great ; it  is  found,  in  accordance  with  the  prin- 
ciples explained  on  p.  200,  to  be  259  lcj. 

If  this  quantity  of  heat  is  added  to  the  heat  of  formation  of  an 
anion,  the  sum  gives  the  heat  of  formation  of  the  salt  in  dilute  solution. 
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In  order  to  obtain  from  this  the  heat  of  formation  of  the  solid  salt,  it 
is  only  necessary  to  subtract  the  heat  of  solution,  or  to  add  its  numeri- 
cal value  if  solution  takes  place  with  absorption  of  heat,  as  is  chiefly 
the  case  with  the  salts  of  potassium. 

The  aqueous  solutions  containing  potassion  are  colourless  if  no 
other  coloured  compound  is  present,  nor  do  they  exhibit  any  other 
conspicuous  property.  For  the  higher  animals,  potassion  in  great  con- 
centration is  a poison  ; in  small  quantities,  however,  it  is  an  indispens- 
able constituent  of  the  organism.  In  the  vertebrate  animals  it  is 
contained,  more  especially,  in  the  red  blood  corpuscles. 

The  detection  of  potassion  in  solution  is  accomplished  by  the  aid  of 
some  acids  which  can  form  difficultly  soluble  potassium  salts.  For 
example,  if  a solution  of  perchloric  acid  be  added  to  a solution  con- 
taining potassion,  there  is  precipitated,  if  the  solution  is  not  too  dilute 
with  respect  to  the  latter,  a crystalline  precipitate  of  difficultly  soluble 
potassium  perchlorate.  The  same  occurs  on  the  addition  of  sodium 
perchlorate.  In  order  to  correctly  understand  the  processes  which 
are  here  met  with,  we  shall  first  put  forward  a few  general  con- 
siderations. 

Solubility. — By  solubility  there  is  understood  the  ratio  of  the 
amount  of  dissolved  substance  to  that  of  the  solvent  in  a saturated 
solution.  The  conceptions  used  here  have,  it  is  true,  been  already 
mentioned  (p.  213);  still,  when  several  salts  are  present,  the  relations 
are  rather  more  complicated,  so  that  we  shall  consider  them  again 
connectedly. 

If  a solid  substance  and  a liquid  be  brought  together,1  a certain 
amount  of  the  solid  substance  passes  into  the  liquid.  This  process 
does  not  go  on  indefinitely,  but  tends  towards  a certain  point ; for  after 
a certain  amount  of  the  solid  substance  has  passed  into  solution  the 
process  ceases,  and  the  solution  is  “ saturated. 

A point  of  essential  importance  is  that  saturation  is  defined  with 
respect  to  a definite  solid  substance  and  changes  when  this  solid  substance 
changes.  The  different  polymorphic  forms  of  a given  substance,  for 
example,  have,  therefore,  different  concentrations  of  saturation  in  the 
same  solvent.  In  this  connection,  the  general  rule  holds,  that  the  solu- 
bility of  the  most  stable  form  is  always  the  smallest,  and  that  the  less 
stable  forms  are  always  more  soluble  in  proportion  as  they  are  less 

stable  (p.  259).  , 

Solutions  the  concentration  of  which  is  smaller  than  that  of  the 

saturated  solution  are  called  unsaturated;  those  with  a greater  con- 
centration, supersaturated.  Both  kinds  of  solution  are  stable,  alone,  the 
unsaturated  ones  without  limit,  the  supersaturated  within  certain 


< 


i Solutions  can  be  formed  of  substances  in  all  three  physical  states,  ami  can  occur  m 
all  three  states,  so  that  there  can  be  solid,  liquid  and  gaseous  solutions  c . solid  liquid, 
and  gaseous  substances.  Of  these,  however,  the  liquid  solutions  of 
of  such  superior  importance  that  we  shall,  in  the  first  instance,  confine  the  discussion  to 
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limits,  which  depend  on  the  nature  of  the  substances  and  on  the 
temperature.  If,  however,  the  unsaturated,  solution  is  brought  into 
contact  with  the  solid  substance,  the  latter  passes  into  solution  until 
the  concentration  corresponding  to  saturation  is  established.  In  the 
case  of  the  supersaturated  solution,  the  solid  substance  separates  in 
such  amount  that  the  same  point  is  reached. 

* From  this  it  follows,  among  other  things,  that  a solution  which 
is  saturated  in  respect  of  an  unstable  form  of  a polymorphic  substance, 
must  be  supersaturated  in  respect  of  the  stable  form  of  the  same  sub- 
stance, and  vice  versa.  Hence  it  follows,  that  when  both  substances  are 
present  together  under  a solvent,  a state  of  equilibrium  cannot  exist, 
since  the  stable  form  must  be  deposited  and  the  unstable  be  dissolved. 
Equilibrium  is  possible  only  when  the  unstable  form  has  disappeared 
and  been  converted  into  the  stable  form.  This  is  the  explanation  of 
the  accelerating  influence  which  every  solvent  exercises  on  such  trans- 
formations. 

If  the  degree  of  supersaturation  is  increased  ( e.g . by  cooling  down 
a solution  of  a substance  whose  solubility  increases  with  the  tempera- 
ture),  the  solution  passes  from  the  state  in  which  it  does  not  deposit 
the  substance  spontaneously  into  that  in  which  deposition  occurs  even 
when  the  solid  phase  is  not  present.  The  former  state  is  called  meta- 
stable, the  latter  unstable.  The  boundary  between  the  two  states  is 
difficult  to  determine,  although  their  pronounced  features  are  easily 
demonstrated. 

When  small  quantities  of  another  substance  are  added  to  a satur- 
ated solution,  the  equilibrium  changes,  in  general,  only  slightly^,  i.e. 
the  solution  remains  nearly  saturated. 

In  isolated  cases  there  appear  to  be  great  deviations  from  this  rule. 
Thus  it  has  already  been  mentioned  (p.  229)  that  the  solubility  of 
iodine  in  pure  water  is  very  small,  but  that  large  amounts  of  iodine 
can  be  dissolved  in  water  containing  iodidion.  At  the  same  place  this 
was  explained  to  the  effect  that  in  the  solutions  produced  the  iodine 
was  not  present  as  such,  but  was  combined  with  iodidion  to  form  the 
new  ion  l3.  This,  in  turn,  is  partially  dissociated  into  ordinary 
iodidion,  I , and  free  iodine,  I2 ; and  the  latter  is  present  in  such  quan- 
tity as  corresponds  to  the  solubility  in  pure  water. 

In  the  case  of  similar  phenomena,  therefore,  which  have  the  char- 
acter of  an  increase  of  the  solubility,  the  conclusion  may  always 
be  drawn  that  the  substance  which  has  passed  into  solution  has  ex- 
perienced a change,  whereby  its  actual  has  become  smaller  than  its 
apparent  concentration. 

Besides  these  cases  of  increased  solubility,  diminutions  of  the 
solubility  have  also  been  observed.  These  are  found  especially  in  the 
case  of  salts  under  quite  definite  conditions,  and  we  shall  now  pass  to 
a consideration  of  these. 

Behaviour  of  Salts. — Salts  also  behave,  in  the  first  instance,  in 
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accordance  with  the  laws  of  solubility,  although  in  their  case  the  pro-  • 
cess  of  solution  is  a mere  complicated  one,  since  they  do  not  pass  < 
unchanged  into  solution,  but  dissociate  partially  into  ions.  Experiment 
has,  however,  shown  that  for  them  also  there  exists  a definite  solubility, 
and  that  small  additions  of  foreign  substances  have,  in  general,  no  great 
influence  on  the  solubility. 

An  influence,  however,  is  exerted  in  very  considerable  degree  by 
foreign  salts  which  have  an  ion  in  common  with  the  substance  in  question. 

If,  for  example,  a saturated  solution  of  the  difficultly  soluble  > 
potassium  perchlorate  (p.  218)  be  made,  solutions  of  other  salts,  such  as 
sodium  chloride,  magnesium  sulphate,  etc.,  can  be  added  without  any 
precipitation  occurring.  If,  however,  the  solution  of  any  potassium 
salt,  e.g.  potassium  chloride,  or  of  a perchlorate,  e.g.  perchloric  acid  or 
sodium  perchlorate,  be  added,  a distinct  precipitate  of  potassium  per- 
chlorate is  at  once  produced. 

This  phenomenon  is  universal ; every  saturated  solution  of  a salt  be- 
comes supersaturated  in  respect  of  this  salt  when  the  concentration  of  one  of 
its  ions  in  the  solution  is  increased.  Whether  or  not  this  salt  is  deposited,  (J 
depends  on  whether  the  solution  formed  is  supersaturated  to  such 
an  extent  that  the  spontaneous  formation  of  the  solid  phase  occurs,  . 
or  whether  it  is  still  in  the  metastable  region  (p.  117).  These  relation- 
ships are  determined  by  the  nature  of  the  salt  and  the  amount  of  the 
supersaturation. 

Further,  a supersaturated  solution  of  potassium  perchlorate  is  - 
obtained  when  the  solution  of  any  potassium  salt  is  brought  together 
with  that  of  a perchlorate,  i.e.  when  potassion  and  perchloranion  come 
together  in  the  same  solution.  If  the  concentration  of  the  two  ions  is  - 
not  very  small,  the  limits  of  the  metastable  state  are  immediately 
exceeded,  and  the  solid  substance  separates  out. 

The  conclusion  may  therefore  be  expressed  as  general  that  when 
the  ions  of  a difficultly  soluble  salt  meet  in  solution,  that  salt  will 
separate  out  if  its  metastable  limits  are  exceeded.  For  this  separation 
both  ions  are  essential ; still,  the  experiments  wfith  the  satui’ated  solu- 
tion of  potassium  perchlorate  show  that  the  two  ions  can  mutually 
represent  one  another  in  their  concentration.  For  if  potassium  per- 
chlorate separates  out  from  a solution  which  was  saturated  in  respect 
of  the  pure  salt,  when  the  perchloranion  is  increased  without  increasing 
the  potassion,  there  must  be  much  less  potassion  contained  in  the 
resulting  solution  than  in  the  first  saturated  solution.  Similar  reasoning 
holds  for  the  second  experiment.  Whereas,  therefore,  the  solution  of 
a simple  substance  can  be  saturated  only  at  a definite  concentration  of 
the  solution,  the  saturation  of  the  solution  of  a salt  is  possible  v ith 
very  different  concentrations  of  its  ions  ; but,  wben  the  concentration 
of  one  increases,  that  of  the  other  must  correspondingly  decrease. 

Theory  of  Solution  Equilibrium. — The  relationships  just 
described  follow  as  a necessary  consequence  from  the  law  of  mass 
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action  when  the  ions  of  the  salts  are  regarded  as  independent  con- 
stituents. 

Let  us  consider  the  simplest  case,  that  of  a salt  consisting  of  two 
monovalent  ions,  and  let  the  concentration  of  the  two  ions  be  a and  b, 
that  of  the  undissociated  part  c ; then,  according  to  the  law  of  mass 
action  (p.  326),  the  equation 

a .b  — h . c 

must  hold  for  every  solution  of  the  salt. 

In  this  equation  k is  the  “ equilibrium  constant,”  which  also 
depends  on  the  temperature. 

For  the  saturated  solution,  also,  the  same  equation  must  hold.  Let 
the  corresponding  values  be  called  a0,  b0,  c0 ; the  equation  then 
becomes 

Q>0  • b0  = k . Cg. 


On  the  right  side  of  this  equation  are  values  which  are  constant  at 
a given  temperature.  In  the  case  where  a salt  is  simply  dissolved  in 
' water,  the  two  ions  are  produced  in  the  same  concentration,1  and,  there- 
fore, a0  = b0=  'JkCg  has  a definite  value.  This  value  varies  with  the 
temperature,  and  therefore  the  solubility  of  pure  salts  is  in  complete 
accordance  with  the  general  laws  developed  above. 

If,  however,  the  two  ions  are  present  in  different  concentration,  as 
when  solutions  of  different  salts  are  mixed,  it  is  necessary  for  equili- 
brium that  the  product  of  the  two  concentrations  a0b0  shall  assume  a 
perfectly  constant  value.  The  greater  the  one  concentration,  therefore, 
the  smaller  must  the  other  be  in  order  that  equilibrium  be  established. 

I The  product  a0b0  which  corresponds  to  equilibrium  is,  therefore,  called 
solubility  product.  In  the  case  of  difficultly  soluble  salts  this  is  small ; 
for  easily  soluble  salts  it  is  large.  If  the  product  of  the  ions  present 
in  a solution  is  greater  than  the  solubility  product  of  the  corresponding 
salt,  the  solution  is  supersaturated  in  respect  of  this  salt,  and  so  much 
of  it  must  separate  out  that  in  the  remaining  solution  the  value  of  the 
solubility  product  is  reached. 


If  the  product  a . b in  a solution  is  smaller  than  the  solubility  pro- 
duct of  the  corresponding  salt,  the  solution  exerts  a solvent  action  on 
the  solid  salt. 

In  these  simple  principles,  the  whole  theory  of  precipitation  and 
solution  of  saline  precipitates  is  contained.  As  simple  also  as  it 
appears,  so  diverse  are  its  applications,  and  there  will  be  frequent 
opportunity  in  the  sequel  of  making  use  of  the  light  which  is  thrown 
this  formula. 


hy 


r. 


iZhe  concentration  is  to  be  measured  here,  as  in  all  equations  of  equilibrium,  in  moles 
, o9r>e‘  . ccording  to  our  system,  it  would  be  more  correct  to  reckon  moles  per  cc. 

o emn WtT’  ,-Tr’  Ve’T  s!na11  numbers  would  be  thereby  obtained,  it  is  more  practical 
to  employ  the  derived  unit  mole-litre. 
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* For  example,  at  15°,  15'4  gm.  or  0Y11  mole  of  potassium  per-  j 
chlorate  dissolve  in  one  litre.  Since  this  dilute  solution  is  almost: 
entirely  dissociated  into  ions,  a0  is  also  equal  to  0T11  and  &0  = OT11. . 
Hence  a0b0  = Jcc0  = 0 -0 1 2 3. 

* Suppose,  now,  a solution  given  containing  0'5  mole  potassipn'  i 
per  litre,  and  let  an  equal  volume  of  a solution  of  perchloric  acid,  con-  J 
taining  one  mole  per  litre,  be  added.  The  concentration  of  the  potas-J 
sion  thereby  sinks  to  0'25,  that  of  the  perchloranion  to  0‘5  ; the  pro-  - 
duct  of  the  two  is,  therefore,  0Y25.  This  value  is  a multiple  of  the  < 
“solubility  product”  0-0123  found  above  for  the  equilibrium  between:! 
potassium  perchlorate  and  its  aqueous  solution.  In  order  tbatri 
equilibrium  may  be  established,  solid  salt  must  separate  out  until  the  i 
product  of  the  remaining  concentrations  reaches  the  value  0-0123. 

* When,  now,  the  solid  salt  is  deposited,  both  ions  disappear  in  * 
equal  amounts.  Let  x be  the  amount  of  the  solid  salt  measured  inij 
moles  which  will  separate  out,  then  (a — x)  (b — x)  = 0-0123.  Since,  by-J 
assumption,  a = 0'25  and  b — 0'5,  it  follows  x = 0‘208,  i.e.  the  greater", 
part  of  the  potassion  separates  out,  for  only  the  amount  a - x — 0-042,.. 
or  a sixth  of  the  original  amount,  remains  in  solution. 

* The  above  relations  become  more  complicated  when  we  are  no' 
longer  dealing  with  salts  of  monovalent  ions.  Since,  however,  the 
general  relations  are  thereby  not  changed,  but  only  the  numerical  laws,- 
an  exposition  of  the  corresponding  formulse  is,  in  the  first  instance,., 
not  required. 

Other  Reactions  of  Potassion. — The  number  of  difficultly^ 

soluble  potassium  salts  is  limited,  so  that  there  are  not  many  precipi-.: 
tation  reactions  for  potassion.  For  analytical  purposes,  two  acids > 
especially  are  used,  whose  potassium  salts  are  difficultly  soluble,  viz., 
tartaric  and  hydrochloroplatinic  acids. 

Tartaric  acid  is  an  organic  compound  of  the  formula  H.2C4O0H4 ; j 
two  hydrogens  are  written  at  the  beginning  to  indicate  that  it  is  aij 
dibasic  acid.  It  forms,  therefore,  an  acid  and  a normal  potassium 
salt ; of  these,  only  the  former  is  difficultly  soluble.  If  a solution  of 
tartaric  acid  be  added  to  one  containing  potassion,  the  salt  KHC4O0H4. 
is  precipitated  as  a crystalline  powder. 

Attention  must,  however,  be  paid  to  certain  conditions  which  aret 

essential  to  the  success  of  the  reaction. 

In  the  first  instance,  tartaric  acid  is  not  a strong  acid  ; its  solutions  • 
contain  for  the  most  part  undissociated  tartaric  acid  along  with  the 
ions  H-  and  HC4O0H4'  (hydrotartranion).  It  is  the  latter  which! 
determines  the  formation  of  the  difficultly  soluble  precipitate  on  i 
coming  into  contact  with  potassion ; everything,  therefore,  which  I 
diminishes  the  concentration  of  the  hydrotartranion  will  also  impair 
the  formation  of  the  precipitate  and  make  the  reaction  less  sensitive. 

Of  such  influences,  hydrion  comes  especially  into  account,  1 
tartaric  acid  is  added  to  a solution  containing  potassion  and  also  a . 
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large  amount  of  hydrion,  the  latter  unites  with  the  hydrotartranion 
i present  to  form  undissociated  tartaric  acid,  and  the  concentration  of 
the  remaining  hydrotartranion  can  easily  fall  below  the  value  necessary 
for  precipitation.  For  the  same  reason,  strong  acids,  e.g.  hydrochloric 
acid,  exercise  a solvent  action  on  the  precipitate.  They  destroy  in  the 
saturated  solution  the  hydrotartranion  which  is  present,  giving  up 
their  hydrogen  for  the  formation  of  undissociated  tartaric  acid,  and  a 
farther  amount  of  potassium  tartrate  must  therefore  pass  into  solution 
to  re-establish  equilibrium. 

Such  an  action  can,  evidently,  occur  only  when  the  anion  is  that  of 
a weak,  i.e.  slightly  dissociated,  acid,  since  the  anion  of  a strong  acid, 
which  has  no  tendency  to  unite  with  hydrion,  is  not  greatly  changed 
by  the  presence  of  the  latter.  For  this  reason  the  solubility,  for 
example,  of  potassium  perchlorate  and  that  of  the  potassium  salt  of 
chloroplatinic  acid,  which  will  be  mentioned  presently,  is  not  ap- 
preciably altered  by  the  presence  of  strong  acids,  i.e.  of  hydrion. 
We  can  therefore  lay  down  the  rule  that  the  difficultly  soluble  salts 
• of  weak  acids  are  mostly  soluble  in  strong-  acids,  but  not  the  difficulty 
■ soluble  salts  of  strong  acids. 

* When,  therefore,  it  is  desired  to  seek  for  potassion  in  an  acid 
i solution,  the  concentration  of  the  hydrion  must  be  made  as  small 

as  possible.  This  can  be  done  by  carefully  neutralising  the  solution 
;with  a base,  e.g.  caustic  soda,  with  the  help  of  litmus.  The  object 
can,  however,  be  attained  much  more  quickly  by  adding  an  indefinite 
amount  of  the  sodium  salt  of  a weak  acid,  e.g.  of  acetic  acid.  The 
i anion  of  acetic  acid  contained  in  such  a solution  then  unites  with 
the  greater  part  of  the  hydrion  present  to  form  undissociated  acetic 
; acid,  and  the  residual  amount  of  hydrion  is  reduced  to  a harmless 
amount.  Of  this  method  of  weakening  the  action  of  the  hydrion, 
very  great  use  is  made  in  chemistry,  and  we  shall  repeatedly  have 
f occasion  to  return  to  it. 

# A further  circumstance  which  has  to  be  taken  into  account  in 
I testing  for  potassion  with  tartaric  acid,  is  the  length  of  time  which 

solutions  of  the  acid  potassium  tartrate  remain  supersaturated.  Even 
when  the  solubility  product  has  been  rather  considerably  exceeded,  no 
; precipitate  is  formed  at  first,  so  that  it  appears  as  if  no  potassion  were 
i present.  If  the  liquid  is  violently  shaken,  the  salt  is  precipitated 
more  quickly ; still  more  certain  action  is  produced  by  the  addition  of 
“ nuclei,”  i.e.  of  exceedingly  minute  traces  of  the  solid  salt.  A suitable 
preparation  is  obtained  by  powdering  together  a small  quantity  of  the 

I acid  potassium  tartrate  with  a hundred  times  its  weight  of  a soluble 
t substance,  e.g.  sodium  nitrate.  If,  after  the  addition  of  tartaric  acid,  a 

quite  small  quantity  of  this  mixture  is  added  to  the  liquid  to  be  tested 
for  potassion  and  the  whole  well  shaken,  all  possibility  of  supersatura- 

I I tion  is  done  away  with,  and  a precipitate  is  therefore  sure  to  be  formed 
if  the  solubility  product  was  exceeded. 
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Another  precipitant  which  is  greatly  used  for  potassion,  especiall 
in  quantitative  determinations,  is  hydrochloroplatinic  acid,  frequent) 
but  erroneously  called  platinic  chloride.  It  is  a compound  of  th 
composition  H2PtCl6,  and  is,  therefore,  so  far  as  the  formula  is  coi  i 
cerned,  similar  to  hydrofluosilicic  acid,  H2SiF(1  (p.  425).  A furthe 
similarity  exists  in  the  fact  that  both  yield  difficultly  soluble  salts  wit 
potassion  ; whereas,  however,  hydrofluosilicic  acid  also  yields  a simila  j 
salt  with  sodion,  and  cannot,  therefore,  be  used  for  the  separation  ( . 
the  two  elements  ; sodium  platinochloride,  in  contrast  with  potassiui  \ 
platinochloride,  is  very  readily  soluble  in  water  and  alcohol. 

If,  therefore,  hydrochloroplatinic  acid  is  added  to  a solution  cor  i 
taining  potassion,  the  solubility  product  is  exceeded  even  when  th 
concentration  of  the  former  is  very  small,  and  the  salt  K2PtCl6  sepri 
rates  out  as  a yellow  precipitate,  which  microscopic  examination  show ' 
to  consist  of  regular,  transparent  octahedra.  The  reaction  can  b 
rendered  much  more  sensitive  by  the  addition  of  alcohol,  since  th: 
salt  is  much  more  difficultly  soluble  in  alcohol  than  in  water. 

Since  hydrochloroplatinic  acid  is  a strongly  dissociated  acid  of  th1; 
same  order  as  hydrochloric  acid,  the  presence  or  absence  of  hydrio 
is  of  no  account,  although  it  has  an  influence  in  the  case  of  tartarir' 
acid. 

Potassium  Hydroxide. — When  potassium  is  brought  into  cor 
tact  with  water,  violent  action  takes  place  ; hydrogen  is  evolved,  anc 
usually  takes  fire  in  consequence  of  the  high  temperature  produced-, 
and  the  potassium  is  converted  into  potassium  hydroxide  2Ho0  + 21 
= 2KOH  + H2. 

The  flame  of  the  burning  hydrogen  has  a reddish-violet  colour 
this  is  due  to  potassium,  which  imparts  this  colour  to  flames  in  whicl 
it  is  present.  The  potassium  hydroxide  which  is  formed  does  not,  a 
a rule,  dissolve  immediately  in  water,  but  forms  a fused  incandescen 
ball  which,  on  account  of  its  high  temperature,  is  not  wetted  by  thill 
water  ; when  all  the  potassium  has  been  used  up  and  the  flame  is  ex 
tinguished,  the  ball  still  floats  some  time  on  the  water  until  its  tempera 
ture  has  so  far  sunk  that  wetting  occurs.  It  then  dissolves  with  sd 
great  an  evolution  of  heat  that  an  explosive  formation  of  steam  occurs: 
and  small  particles  of  the  hot  mass  are  projected  in  all  directions 
Since  potassium  hydroxide  has  a strongly  corrosive  action,  thesi 
particles  can  do  considerable  damage,  and  care  must  be  taken  by ; 
timely  covering  of  the  vessel  that  they  do  not  become  scattered. 

The  action  of  potassium  on  water  is  much  more  moderate  whei 
the  metal  is  dissolved  in  mercury.  This  solution  is  called  potassiun 
amalgam , amalgam  being  the  general  name  for  those  metallic  al  op, 
which  contain  mercury.  In  the  laboratory  it  is  prepared  by  dissolving 
metallic  potassium  in  mercury ; considerable  amounts  of  heat  are  se- 
free  in  the  process. 

On  the  large  scale,  potassium  hydroxide  is  prepared  by  the  actior 
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,f  potassium  amalgam  on  water,  the  necessary  amalgam  being  prepared 
,y  an  electrical  method.  If  a solution  of  potassium  chloride  is 
electrolysed,  chloridion  goes  to  the  anode  and  potassion  to  the  cathode, 
f the  latter  is  formed  of  mercury,  the  potassium,  after  losing  its 
electric  charge,  dissolves  in  it  and  forms  potassium  amalgam  (p.  196). 
Phis  acts  in  another  part  of  the  apparatus  on  water,  and  is  converted 
nto  potassium  hydroxide  with  evolution  of  hydrogen,  in  accordance 
Ivith  the  equation  given  above ; the  mercury,  free  from  potassium, 
.gain  passes  back  to  the  cathodic  space. 

A solution  of  potassium  hydroxide  can  also  be  obtained  electro- 
ytically  by  using  an  anode  of  some  other  metal,  e.g.  iron.  In  this 
ase  no  potassium  at  all  separates  out,  but  only  hydrogen  is  evolved, 
(nth  the  simultaneous  formation  of  potassium  hydroxide.  It  has 
Already  been  remarked  (p.  195)  that  in  this  process  we  may  look  upon 
potassium  as  being  first  formed,  and  then  reacting  secondarily  with 
vater  to  give  potassium  hydroxide  and  hydrogen.  Another,  and  per- 
haps more  correct  view,  is  to  regard  the  hydrogen  as  primary  by 
ssuming  that  the  hydrion,  which  is  present  in  small  amount  in  the 
vater,  is  discharged  and  forms  hydrogen.  The  corresponding  amount 
if  hydroxidion  remains  in  solution,  and  forms  potassium  hydroxide 
-ith  the  potassion.  In  proportion  as  hydrion  is  thereby  used  up, 
\ fresh  quantity  is  formed  from  the  water.  Both  Avays  of  viewing 
he  process  lead  practically  to  the  same  result,  and  the  considerations 
rhicli  cause  the  one  or  the  other  view  to  be  regarded  as  the  better 
dll  not  be  put  forward  here,  since  at  this  point  nothing  of  an  essential 
lharacter  depends  on  them. 

* The  method  just  given  appears  simpler  than  the  previously 
described  mercury  method.  To  it,  however,  there  attaches  the  very 
(.reat  difficulty  that  the  cathodic  space,  in  which  the  caustic  potash  is 
prmed,  must  be  very  carefully  separated  from  the  anodic  space,  in 
7hich  the  chlorine  is  evolved,  since,  otherwise,  the  two  substances 
7ould  act  on  one  another.  At  the  same  time  it  is  required  that  the 
iectric  current  shall  pass  through  unimpeded.  The  porous  septa  of 
archment  paper,  animal  bladder,  or  clay  which  are  usually  employed, 
o not  resist  the  simultaneous  action  of  chlorine  and  caustic  potash, 
nd  the  use  of  the  method  is  dependent  on  the  satisfactory  solution  of 
he  “ diaphragm  question.” 

Further,  potassium  hydroxide  is  obtained  by  a chemical  method 
l:y  decomposing  potassium  carbonate  in  dilute  solution  with  calcium 
ydroxide.  Since  calcium  is  a divalent  metal,  the  latter  compound 
as  the  formula  Ca(OH)2,  and  the  reaction  takes  place  in  accordance 
dth  the  equation  Iv2C03  + Ca(OH)2  = CaC03  + 2KOH.  The  following 
■lay  serve  as  an  explanation  of  the  process. 

Calcium  hydroxide  is  a slightly  soluble  substance,  since  one  litre  of 
water  dissolves  less  than  2 gms.  of  it ; calcium  carbonate  is  a very 
ifficultly  soluble  salt,  the  solubility  of  which  is  at  least  a hundred 
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times  as  small  as  that  of  calcium  hydroxide ; potassium  carbonate  an 
potassium  hydroxide,  on  the  other  hand,  are  readily  soluble  salts.  ! 
a solution  of  potassium  carbonate  is  brought  together  with  soli 
calcium  hydroxide,  a small  quantity  of  the  latter,  in  amount  corr  i 
sponding  to  the  above  stated  solubility,  dissolves.  The  solution  theJ 
contains  the  ions  Ca“,  OH',  K',  and  C03".  Of  the  four  possible  sah.t 
which  can  be  formed  from  them,  calcium  carbonate  has  by  far  tb 
smallest  solubility  product,  and  since  the  values  of  the  concentratioi 
of  Ca"  and  C03"  in  the  solution  yield  a much  larger  product,  it  follow 
that  calcium  carbonate  must  separate  out  in  the  solid  form. 

When  the  concentration  of  the  calcion  has  thereby  become  smalle 
fresh  calcium  hydroxide  must  pass  into  solution;  the  calcion  froii 
this  is  in  turn  precipitated  by  the  carbanion,  and  if  a sufficient  amour 
of  calcium  hydroxide  is  present,  the  process  goes  on  until  the  coi  > 
centration  of  the  carbanion  has  fallen  to  the  small  value  which  corn 
sponds  to  the  solubility  of  calcium  carbonate.  Besides  these  ver 
small  amounts  of  calcion  and  carbanion,  only  potassion  and  hydroxir 
ion  remain  in  the  solution,  i.e.  potassium  hydroxide  has  been  formed. 

* It  must  here  be  remembered  that  the  solubility  of  the  calciui 
hydroxide  becomes  smaller  and  smaller  by  reason  of  the  increase  i 
the  concentration  of  the  hydroxidion  during  this  process,  i.e.  a decreai, 
ingly  small  concentration  of  calcion  suffices  to  give  the  solubility  pro- 
duct of  calcium  hydroxide.  The  amount  of  carbanion  finally  remaii 
ing  in  solution  is  correspondingly  greater  than  in  the  case  of  a pur 
solution  of  calcium  carbonate.  This  circumstance  becomes  moie  pro 
minent,  the  more  concentrated  the  solution  becomes  in  respect  c 
hydroxyl.  For  this  reason,  the  process  must  be  carried  out  in  dilut 
solution  (at  most  8 per  cent)  in  order  that  the  decomposition  may  b 
sufficiently  complete. 

As  can  be  seen,  this  method  is  an  application  of  the  genera 
principle  that  from  a solution  containing  different  ions,  that  coir: 
pound  of  these,  or  that  salt,  separates  out  whose  solubility  product  i 
exceeded. 

In  practice,  the  above  process  is  carried  out  at  the  temperature  c 
boiling.  In  the  cold,  the  calcium  carbonate,  indeed,  separates  out  in 
much°more  soluble,  amorphous  form,  which  only  slowly  passes  into 
more  stable  and  less  soluble  form;  at  the  temperature  of  boiling 
however,  the  transformation  takes  place  very  quickly.  An  excess  o 
calcium  hydroxide  is  used,  and  the  mixture  is  boiled  until  no  bubble, 
of  carbon  dioxide  are  formed,  when  a sample  of  the  clear,  settles 
liquid  is  supersaturated  with  an  acid.  Since  the  hot  solution  attac 
glass  and  porcelain,  vessels  of  iron,  which  are  resistant  to  a solution  o 

caustic  potash,  are  employed.  rnH 

By  evaporating  the  solution,  solid  potassium  hydroxide, . 
usually  called  caustic  potash,  is  obtained.  The  peculiarity  is  her. 
found  that  solid  substance  is  not  deposited  at  a definite  concent 
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i tion  on  evaporating  the  boiling  liquid,  as  is  tho  case  with  other  salts ; 

but  the  solution  always  remains  liquid,  while  its  boiling  point  rises, 
i.and  finally  it  forms  fused  potassium  hydroxide. 

* It  must  not  be  concluded  from  this  that  solid  potassium 
hydroxide  is  soluble  in  water  in  all  proportions : such  a relation 
never  occurs  between  a solid  and  a liquid  substance.  It  can,  how- 
ever, be  concluded  that  there  is  no  saturated  solution  of  potassium  hydroxide 
in  water  whose  vapour  pressure  at  the  temperature  of  saturation  is  as  much 
as  one  atmosphere. 

* At  all  temperatures  between  the  freezing  point  of  a saturated 
solution  of  caustic  potash  and  the  melting  point  of  the  anhydrous 
caustic  potash,  there  can  be  saturated  solutions  of  caustic  potash  in 
■ water,  i.e.  liquids  which  consist  of  caustic  potash  and  water  and  are  in 
equilibrium  with  solid  potash.  At  the  equilibrium  or  saturation 
temperature,  each  of  these  liquids  has  a definite  vapour  pressure. 
This  approaches  zero  at  both  ends  of  the  chain  of  physical  states 
referred  to  above.  On  the  one  hand,  at  a low  temperature,  the  vapour 

n pressure  of  the  saturated  solution  is,  of  course,  very  small;  on  the 
other  hand,  the  first  portions  of  water  are  held  so  firmly  by  the  fused 
potash  that  even  the  vapour  pressure  of  this  liquid  commences  with 
, very  low  values,  in  spite  of  the  high  temperature.  Between  these  two 
; extremes,  the  values  of  the  vapour  pressure  must  be  such  that  they 
i reach  a maximum  at  an  intermediate  point.  In  the  case  of  most  salts, 
this  maximum  is  greater  than  one  atmosphere ; in  the  case  of  caustic 
i potash,  it  is  less. 

* If,  therefore,  the  solution  of  caustic  potash  be  boiled  down 
under  a sufficiently  low  pressure,  the  solid  substance  will  be  seen 
to  be  deposited,  just  as  is  the  case  with  most  other  substances 

i when  the  concentration  is  carried  out  under  the  ordinary  atmos- 
• pheric  pressure. 

In  Fig.  104,  the  line  kh  represents,  diagrammatically,  the  vapour 
•pressure  of  the  saturated  solutions  of  caustic  potash  as  a function  of 
the  composition  of  the  saturated  solution,  the  total  amount  of  potash 
plus  water  in  the  solution  being  put  equal  to  unity ; aa  represents  the 
atmospheric  pressure,  and  ss  the  vapour  pressure  curve  of  any  other 
salt  in  the  case  of  which  the  deposition  of  the  solid  substance  is 
exhibited  on  concentration  under  atmospheric  pressure.  The  curves 
are  drawn  only  diagrammatically,  and  do  not  represent  actual 
measurements ; none  such  have  as  yet  been  made  in  the  case  of 
i caustic  potash. 

[Chemical  Properties  of  Potassium  Hydroxide.  — Potassium 
t ydroxide  or  caustic  potash,  is  the  type  of  a strong  base.  In  aqueous 
solution  it  is  very  extensively  dissociated  into  its  ions,  and  the  pro- 
perties of  hydroxidion  are,  therefore,  very  strongly  developed.  Even 
iu  very  dilute  solution  it  colours  litmus  blue  and  phenolphthalein  red. 
i Somewhat  stronger  solutions  have  a soapy  feeling,  because  they  dis- 
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solve  the  skin  of  the  fingers  and  convert  it  into  a slimy  mass ; i 
they  exhibit  a similar  solvent  action  on  fats,  horn,  hair,  and  like  ! 
animal  substances.  Acids  of  all  kinds  are  neutralised,  i.e.  conveitedl 
into  potassium  salts,  and  neutral  salts  containing  other  metals  are 
mostly  decomposed  in  such  a way  that  potassium  salts  are  formed  andii  I 
the  metals  are  deposited  as  hydroxides.  _ j 

Since  the  last  reaction  is  largely  made  use  of  in  analysis  and  for  m 
technical  purposes,  a short  discussion  of  it  will  be  given.  If  a solution srl 
of  caustic  potash  is  added  to  the  solution  of  a salt  the  metal  of  which  .J 
forms  a difficultly  soluble  hydroxide,  this  hydroxide  will  be  precipi- 
tated, because  so  much  hydroxidion  is  introduced  into  the  solution  bytd 
means  of  the  potash  that  the  solubility  product  of  the  hydroxide  in.: 


question  is  greatly  exceeded.  Since,  now,  the  hydroxides  of  almost.- 
all  the  metals  except  the  alkali  metals  are  less  soluble  than  potassiums 
hydroxide,  their  salts  are  all  decomposed  in  the  above  manner  by;. 

potash  solution.  . . . r i 

* Thus,  solutions  of  zinc  salts  give  a white  precipitate;  ot  zinc.. 

hydroxide  with  caustic  potash,  solutions  of  nickel  salts,  a green  ; andd 
copper  salts  a blue  precipitate  of  hydroxide.  Ammonium  salts  on  being- 
heated  after  the  addition  of  caustic  potash,  evolve  ammonia  gas,  which 
can  be  detected  by  its  smell  and  by  the  fumes  which  it  gives  vith. 
hydrochloric  acid  (p.  338),  because  the  ammonium  undergoes  tians , 
formation  with  the  hydroxyl  to  water  and  ammonia  • 

All  these  reactions  are  due  to  hydroxidion  and  not  to  Potassion> 
for  the  same  reactions  are  given  when  the  latter  is  replaced  by  sodion 
or  the  ion  of  any  other  alkali  metal.  What  has  just  been said  » - 
therefore,  not  a description  of  caustic  potash  m particular,  but  of  the, 
strongly  dissociated  hydroxides  in  general. 
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The  special  properties  of  potassion  have  already  been  given  (p.  437). 

Potassium  Chloride. — The  most  widely  distributed  salt  of  potas- 
sium, and  the  one  which  is  most  important  technically,  is  potassium 
chloride,  KOI.  It  occurs  naturally  in  regular  crystals  as  sylvine ; it  is 
found,  however,  in  much  larger  quantities,  united  with  magnesium 
chloride,  as  carnallite.  The  latter  mineral  will  be  described  under 
magnesium,  as  will  also  the  method  of  obtaining  potassium  chloride 
from  it. 

Potassium  chloride  is  a colomdess  salt  which  is  readily  soluble  in 
water,  and  which  fuses  only  at  a fairly  high  temperature  (730°)  to  a 
colourless  liquid  which,  on  solidifying,  forms  the  same  regular  crystals 
as  are  obtained  from  the  aqueous  solution.  The  solubility  of  potassium 
chloride  in  water  increases  almost  proportionally  with  the  tempera- 
ture: at  0°,  100  parts  of  water  dissolve  28  parts  of  the  salt;  at  100°, 
57  parts  (p.  215). 

The  solutions  exhibit  the  reactions  of  the  ions  of  the  salt. 

Being  the  cheapest  potassium  salt,  potassium  chloride  is  used 
for  preparing  numerous  other  potassium  salts  and  as  a fertiliser. 
Potassium  is  an  essential  constituent  of  plants;  the  quantity  of  this 
element  required  by  the  different  plants  is,  however,  different.  More 
•especially  in  the  case  of  the  sugar  beet  is  a large  amount  of  potassium 
necessary.  Now,  the  normal  soil  contains  rather  considerable  quantities 
; of  potassium,  chiefly,  it  is  true,  in  the  form  of  compound  silicates.  On 
account  of  the  slight  tendency  to  decompose,  these  silicates  are,  how- 
ever, available  in  such  small  amount  that  where  there  is  a long  con- 
tinued occupation  of  the  soil  by  plants  which  take  up  large  quantities 
of  potassium,  a compensation  by  soluble  potassium  salts  is  necessary. 
This  purpose  is  served  by  the  manures  containing  potassium. 

These  are  obtained  from  naturally  occurring  mineral  beds  which 
-extend  widely  through  North  and  Middle  Germany ; they  have  been 
worked  with  most  success  at  Stassfurt.  There,  are  found,  lying  on 
m enormous  layer  of  common  salt  (sodium  chloride),  extensive  beds 
of  potash  minerals  (abraumsalts),  from  the  nature  of  which  it  is  pro- 
bable that  we  are  here  dealing  with  the  residues  of  the  evaporation  of 
.1  former  sea. 

Potassium  Bromide,  KBr,  is  a white  salt  which  crystallises  in 
-regular  forms,  is  readily  soluble  in  water,  and  is  generally  employed 
or  all  purposes  for  which  bromidion  is  used.  Large  amounts  of  it 
ire  used  in  photography  for  the  preparation  of  silver  bromide ; it  is 
; uso  used  in  medicine. 


Potassium  bromide  is  chiefly  obtained  from  bromine  by  dissolving 
/his  in  caustic  potash.  The  resulting  mixture  of  bromide  and  bromate 
p.  228)  can  be  easily  separated  by  crystallisation  into  its  components, 
use  can  be  made  of  the  bromate.  If  the  bromate  is  not  desired, 
he  salt  mixture  is  heated  with  charcoal,  the  bromate  bein<>-  thereby 
inverted  into  bromide  : 2KBr03  + 3C  = 2 KBr  + 3CO„.  ° * 
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Potassium  Iodide,  KI,  is  used,  similarly  to  potassium  bromide 
in  all  cases  where  iodidion  has  to  be  applied,  and  more  especially  foi  j 
the  preparation  of  other  iodides.  It  is  a white  salt,  which  crystallises 
in  anhydrous  cubes,  and  is  still  more  readily  soluble  in  water  thar  :: 
potassium  bromide;  it  readily  becomes  coloured  yellow  from  th(V 
separation  of  free  iodine  (due  to  the  carbonic  acid  and  the  oxygen 

of  the  air).  . . 

Potassium  iodide  is  prepared  from  iodine  by  converting  this  into. 

iodide  of  iron  by  means  of  water  and  iron,  and  precipitating  thn 
with  a solution  of  caustic  potash.  Ferric  hydroxide  is  deposited  anc 
potassium  iodide  remains  in  the  solution  and  can  be  obtained  by 
evaporation. 

Potassium  Fluoride,  ILF,  is  obtained  as  a white  salt,  readily 
soluble  in  water,  by  evaporating  a solution  of  caustic  potash  which! 
has  been  neutralised  with  hydrofluoric  acid.  Its  aqueous  solution 
attacks  glass,  and  the  preparation  must,  therefore,  be  carried  out  ii: 
vessels  of  platinum. 

Potassium  fluoride  is  distinguished  from  the  other  halogen  com 
pounds  of  potassium  in  many  respects.  At  ordinary  temperatures,  1 
crystallises  with  water  of  crystallisation,  forming  crystals  of  the 
composition  KF  + 2H20,  while  the  others  are  anhydrous.  Further 
it  is  capable  of  combining  with  an  excess  of  hydrofluoric  acid  to  form 

an  acid  salt.  . . , , , 

If  to  the  solution  as  much  hydrofluoric  acid  is  added  as  wa 

required  for  neutralisation,  and  the  solution  is  evaporated,  there 
crystallises  out  a salt  of  the  composition  HKF2,  which,  on  being 
strongly  heated,  decomposes  into  neutral  potassium  fluoride  anc 
anhydrous  hydrofluoric  acid:  HKF,=KF  + HF.  The  hydrofluon- 
acid  behaves  as  if  it  were  a dibasic  acid  of  the  composition  H2E,. 

* Since  such  a composition  cannot  be  formulated  in  accordance 
with  the  ordinary  theory  of  valency,  the  compound  has  been  describe., 
as  a so-called  molecular  compound,  the  latter  being  regarded  a. 
different  from  the  compounds  in  the  narrower  sense.  No  differ®^ 
between  the  two  kinds  of  compounds  can,  however  be  detect^ 
experimentally,  and  it  must  just  be  laid  down  as  a fact  that  hydra 
ZHc  acid  can  also  act  as  a dibasic  acid.  The  relations  acUiaU; 
existing  are  not  yet  accurately  known,  but  it  is  probable 
the  comparatively  concentrated  solutions  of  hydrofluoric  acid,  t . 
compound  HF  exists  as  well  as  H2F2  along  with  their  ion,  1 
solution  of  the  acid  potassium  salt  would,  accordingly,  contamltM 
ions  K'  and  HF/  along  with  the  ions  2F'  and  H , as  the  dissoc . 

P1  'dpotassium  Chlorate,  KC103,  is  a salt  • 

anhydrous  monoclinic  laminae,  the  solubili  y 0 " , • i j{  th 

small  at  low  temperatures,  but  very  considerable  at  high 
solubility  is  represented  as  ordinates  and  the  temperature  . « 
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(Fig.  72,  p.  215),  a curve  is  obtained  which  is  convex  on  the  under 
side,  i.e.  the  increase  of  the  solubility  is  not  proportional  to  the 
temperature,  but  is  more  rapid. 

The  formation  of  potassium  chlorate  by  passing  chlorine  into  a 
solution  of  caustic  potash,  does  not  differ  from  that  of  sodium  chlorate 
(p.  211).  Since  in  this  process  only  a sixth  of  the  potassium  is  con- 
verted into  chlorate,  the  potash  is  replaced  by  the  cheaper  calcium 
hydroxide,  which,  in  a perfectly  similar  manner,  yields  calcium  chloride 
and  calcium  chlorate.  To  the  solution  is  added  potassium  chloride  in 
amount  corresponding  to  the  quantity  of  calcium  chlorate ; on  cooling 
down  the  liquid,  the  product  of  the  concentrations  of  potassion  and 
chloranion  is  considerably  greater  than  the  solubility  product  of 
potassium  chlorate,  and  this  salt,  therefore,  is  deposited. 

The  chlorine  required  for  the  reaction  is  now  no  longer  prepared 
by  a chemical  method,  as  formerly,  but  electrolytically.  As  was  shown 
on  p.  445,  hydrogen  and  caustic  potash  are  formed  at  the  cathode  and 
chlorine  at  the  anode,  when  a solution  of  potassium  chloride  is 
electrolysed.  While  it  is  of  essential  importance  to  keep  these  two 
products  separate  where  it  is  a question  of  obtaining  the  caustic 
potash,  they  must  be  allowed  to  act  on  one  another  when  the  object 
is  to  prepare  potassium  chlorate,  and,  in  contrast  with  the  former 
case,  it  is  especially  advantageous  to  effect  the  mixing  of  the  two 
substances  as  quickly  and  as  completely  as  possible.  In  places,  such 
as  Switzerland  and  Norway,  where  electrical  energy  can  be  obtained 
•cheaply  by  means  of  water  power,  the  whole  amount  of  chlorates 
required  is  now  prepared  in  such  a manner. 

Since  in  this  reaction  all  the  potassium  chloride  can  be  finally 
jj converted  into  chlorate  and  only  hydrogen  is  formed  as  by-product, 
the  chemical  process  can  be  summarised  in  the  equation  KC1  + 3H„0  = 
\KC10  + 3H2.  Such  a process  does  not  take  place  spontaneously,  since 
the  substances  on  the  right  side  of  the  equation  contain  much  more 
:energy  (more  both  of  total  energy  and  of  free  energy)  than  those  on 
the  left  from  which  they  are  formed.  To  make  such  a process  possible 
• therefore,  free  energy  must  be  communicated,  and  this  is  done  in  the 
torm  or  the  electric  current. 

:|  •r  The  action  of  the  latter  consists  in  converting  the  ions  which 
ferepesentintoneutoal  substances  (or,  vice  versa,  neutral  substances 
n o ions)  at  the  electrodes  Since  changes  of  energy  always  accompany 
V transformation,  two  different  cases  may  arise.  In  the  first  place 
.he  sum  of  the  transformations  may  be  accompanied  by  an  elimination 
f ee  energy ; the  chemical  energy  can  then  be  utilised  for  obtaining 
; trical  energy  in  the  form  of  a current.  This  occurs  in  the  galvantc 
.ells  ja  which  chemical  energy  is  transformed  into  electrical  - these 

ormed  f!^USSed  atf*  In  the  second  case’  the  substances  which  are 
ormed  contain  more  free  energy  that  the  original  ones ; in  this  case 

Metrical  energy  must  be  expended  in  order  to  render  the  reaction 
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possible,  and  electrical  energy  is  transformed  into  chemical.  This  j8  , 
the  case  in  the  preparation  of  potassium  chlorate  just  described. 

Potassium  chlorate  is  used. chiefly  on  account  of  the  large  amount 
of  oxygen  which  it  contains,  and  of  the  ease  with  which  it  gives  thisi-ij 
up  The  use  of  this  salt  for  obtaining  free  oxygen  in  the  laboratory 
has  already  been  mentioned.  It  is  further  used  in  pyrotechnics  and 
in  the  preparation  of  explosive  mixtures.  Such  mixtures  are  obtained 
when  this  salt  is  mixed  with  combustible  substances ; according  to  the 
nature  of  the  latter,  the  mixtures  burn  with  greater  or  less  rapidity, 

or  are  explosive.  . . , 

# Thus,  very  rapidly  burning  mixtures,  which  can  be  ignited  by 

percussion  or  by  friction,  are  obtained  by  mixing  potassium  chlorate 
with  sulphur  or  sulphur  compounds  of  the  metals.  A mixture  of  equalij 
parts  of  potassium  chlorate  and  antimony  sulphide  can  be  made  to 
undergo  sudden  combustion  with  violent  detonation  when  placed  on  a i 
hard  support  and  struck  with  a hammer.  It  explodes  much  more 
readily  with  friction,  so  that  it  must  be  prepared  and  handled  with 
care.  " It  is  the  most  essential  constituent  in  the  heads  of  the  so-called-, 

Swedish  safety  matches.  . , 

Large  quantities  of  potassium  chlorate  are  also  used  in  dye-works.  - 

There  are  certain  dyes  (aniline  black)  which  are  formed  on  the  fibre* 
by  the  oxidation  of  other  substances  which  are  soluble.  In  those  cases* 
where  the  oxygen  of  the  air  is  not  sufficient,  chlorates  are  employed. 
At  the  ordinary  temperature  these,  certainly,  do  not  give  up  their; 
oxygen  quickly,  but  by  the  addition  of  catalytic  accelerators  (copper 
or  vanadium  salts)  velocities  are  attained  which  can  be  utilised  in 

PraWhen  hydrochloric  acid  is  poured  over  potassium  chlorate,  larged 
quantities  of  chlorine  are  evolved:  KC10a  + 6HC1  = KC1  + 3H,0 . 3G1*. 
This  mixture  is,  therefore,  often  used  in  analysis  m place  of  aqua  regm 
especially  for  the  oxidation  of  the  metallic  sulphides.  In  carrying  out. 
S operation,  hydrochloric  acid  is  poured  over  the  substances  and 
potassium  chlorate  added  in  small  quantities  in  the  cold.  _ J 

P * The  same  mixture  is  used  for  the  oxidation  of  organic  substance., 
in  testing  foods  or  parts  of  the  organism  for  mineral  poisons.  n J 1- 
case  fc  oxygen  of  the  potassium  chlorate  acts  directly  as  ooft-V 

^ All  these  reactions  depend  on  the  transforation  of  chloraaion 
into  chloridion,  with  evolution  of  oxygen  : C103  -U  t jU  r 

are,  therefore,  also  given  by  the  ehlorates  o,  he  o her  metals  T» 


iris' ' pot  stinm chE  wh  eh  is  almost  exclusively  used  for  .hit 
pu^osP.  LTe  to  the  fact  that  it  is,  of  all  the  chlorates,  the  one  wb.cf 

1 -*■  , .1  1 ^ nnoioof  In  TYTA D11T6.  1H 


In  man) 
dis 


has  been  longest  known  and  is  the  easiest  to  prepare  pure, 
cases  however,  its  slight  solubility  at  medium  temperatures  » * 

advantage  ^ rt  is  then  replaced  by  the  much  more  read.ly  soluhh 

sodium  chlorate  (which  see). 
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The  evolution  of  oxygen  from  fused  potassium  chlorate  is  greatly 
I accelerated  by  the  presence  of  foreign  substances  which  do  not  take 
part  in  the  reaction.  In  this  respect,  ferric  oxide  is  the  most  efficient; 
if  finely  powdered  potassium  chlorate  is  mixed  with  a fourth  of  its 
i weight  of  ferric  oxide  and  the  mixture  heated  at  one  point,  it 
I becomes  incandescent,  and  decomposes  with  almost  explosive  violence, 
i A similar  though  feebler  action  is  exerted  by  manganese  dioxide, 

. and  this  is  therefore  chiefly  used  to  facilitate  the  decomposition  of 
the  chlorate  (p;  62). 

The  action  is  partly  due  to  the  fact  that  the  fine  powder  of  the 
- substances  added  facilitates  the  evolution  of  gas  owing  to  the  presence 
of  air  bubbles,  as  happens  in  the  case  of  supersaturated  gas  solutions. 
For  the  decomposition  of  potassium  chlorate  into  potassium  chloride 
. and  oxygen  is  not  a process  of  dissociation  which  leads  to  a measurable 
chemical  equilibrium,  but  a process  which  takes  place  only  in  one 
direction,  such  as,  e.g.  the  combustion  of  charcoal  in  oxygen.  The 
reaction,  also,  practically  cannot  be  reversed ; no  measurable  amount  of 
: potassium  chlorate  is  formed  by  heating  potassium  chloride  in  oxygen. 
Potassium  chlorate  has,  therefore,  to  be  regarded  as  an  unstable 

! compound,  whose  existence  depends  on  the  fact  that  the  decomposition 
which  it  undergoes  takes  place  so  slowly  as  to  be  inappreciable  by  the 
ordinary  means  of  detection.  Even  at  the  temperature  of  fusion,  the 
> velocity  of  decomposition  is  not  considerable  when  the  substance  is 
I pure,  but  is  accelerated  by  the  removal  of  one  of  the  products  of 
decomposition,  oxygen.  This  is  accomplished  by  the  presence  of 
■ porous  powders  in  the  manner  just  stated.  The  velocity  is  further 

(.accelerated  catalytically  by  the  substances  mentioned.  This  follows 
from  the  fact  that  powders  of  approximately  the  same  degree  of  fine- 
f ness  and  enclosing  the  same  amount  of  air  exert,  at  the  same  tempera- 
i ture,  a very  different  action  on  the  fused  chlorate;  the  one  causes  only 
: a moderate,  the  other  a violent  decomposition. 

The  latter  is  all  the  more  dangerous  the  larger  the  amount  of  salt 
decomposed  at  one  time.  From  the  thermochemical  measurements  it 
is  found  that  in  the  decomposition  of  potassium  chlorate  into  potassium 
I chloride  and  oxygen,  34  kj  are  evolved.  From  this  it  follows  that  the 
salt  undergoing  decomposition  must  rise  in  temperature ; the  decom- 
| position  is,  however,  thereby  accelerated.  If,  by  using  comparatively 
p ^ai'Se  quantities,  the  dissipation  of  the  heat  is  made  small,  the 
temperature  rises  so  high  that  complete  decomposition  occurs  in 
a very  short  time.  These  are,  however,  the  phenomena  of  explosion. 

■ The  catalytic  action  of  the  substances  named  can  be  demonstrated 
Irby  carefully  fusing  pure  potassium  chlorate  and  waiting  till  the  evolution 
■ ,;°f  Sas>  which  usually  occurs,  has  ceased.  If  into  the  quietly  flowing 
melt,  after  removing  it  from  the  flame,  a little  manganese  dioxide  is 
■thrown,  the  liquid  mass  immediately  froths  violently,  although  the 
temperature  is  lowered  by  the  cold  powder. 
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Potassium  Perchlorate,  KC104,  is  formed  when  potassium 
chlorate  is  carefully  heated  (p.  218),  and  can,  by  reason  of  its  small 
solubility,  bo  easily  separated  from  the  potassium  chloride  which  is 
formed  at  the  same  time.  It  is,  it  is  true,  more  rich  in  oxygen  than 
potassium  chlorate,  but  it  is  only  slightly  employed  for  purposes  of' 
oxidation,  because  it  gives  up  its  oxygen  much  more  slowly  than 
the  latter.  On  account  of  its  small  solubility,  which  can  be  further 
considerably  diminished  by  addition  of  alcohol,  it  is  occasionally 
used  for  the  separation  of  potassion  in  analysis.  For  this  purpose  a 
sufficient  quantity  of  perchloric  acid  is  added  to  the  solution,  and  so 
much  anhydrous  alcohol  that  the  solution  contains  at  least  70  per  cent 
of  the  latter.  Since  of  all  the  salts  of  perchloric  acid,  potassium 
perchlorate  is  the  most  easily  prepared,  it  is  used  for  the  preparation 
of  that  acid  by  distillation  with  sulphuric  acid  (p.  218). 

Potassium  Bromate,  KBr03.  The  formation  of  this  salt,  along 
Avitli  potassium  bromide,  by  the  interaction  of  caustic  potash  and 
bromine,  has  already  been  mentioned  (p.  228).  It  is  the  salt  in  which 
bromanion  is  most  readily  accessible,  but  there  are  only  few  cases  in 
which  this  finds  application. 

Potassium  bromate  is  more  difficultly  soluble  in  Avater  than  the 
chlorate,  Avith  Avhich  it  is  isomorphous,  and,  like  most  of  the  potassium 
salts,  it  crystallises  anhydrous.  On  being  heated,  it  readily  decomposes 
into  potassium  bromide  and  oxygen ; as  a rule,  some  bromine  is  there- 
by set  free.  _ H 

Potassium  Iodate,  KI03,  is  a slightly  soluble  salt  Avhich  can  be 
obtained  in  various  Avays.  On  dissohung  iodine  in  caustic  potash, 
potassium  hypoiodite  is  first  of  all  formed  along  Avith  potassium 
iodide  ; the  former,  hoAvever,  passes  quickly  (much  more  quickly  than 
the  hypochlorite)  into  potassium  iodate  and  potassium  iodide,  A\hich 
can  easily  be  separated  from  one  another  on  account  of  the  great 
difference  in  solubility.  Potassium  iodate  is  further  formed  by  expos- 
ing potassium  iodide  to  oxidising  actions,  e.g.  in  a current  of  chlorine. 

It  can  be  obtained  still  more  easily  by  carefully  heating  a finely 
poAvdered  mixture  of  potassium  chlorate  and  potassium  iodide  to  a 
temperature  at  Avhich  the  potassium  chlorate  just  begins  to  decompose. 
There  then  occurs  the  reaction  KC103  + Ivl  = KI03  + KC1,  and  the  two 
salts  can  be  readily  separated  from  the  fused  mixture  by  crystallis- 
ation. . 

Finally,  when  a little  nitric  acid  is  added  to  the  solution,  iodine 

reacts  with  potassium  chlorate  and  yields  potassium  iodate,  ch  onne 

being  eArolved  : 2KC10S  + I2  = 2KI03  + Cl2.  . 

Potassium  iodate  crystallises  anhydrous  from  neutral  solutio 
If  these  are  acidified,  acid  potassium  iodate,  of  the  formula  KnRU* 
obtained  on  crystallisation.  This  is  another  example  of  the  fact 
monobasic  acids  can  yield  acid  salts  like  dibasic  acids.  . 

* Acid  potassium  iodate  is  a substance  which  can  be  used  in  many 
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Wiivs  in  volumetric  analysis,  since  it  crystallises  anhydrous  and  can  be 
easily  weighed.  On  the  one  hand,  by  dissolving  weighed  quantities  of 
it,  solutions  of  a definite  acid  titre  are  obtained  ; it  can,  therefore,  be 
used  as  the  starting  substance  for  the  determination  of  acids  and  bases. 
; On  the  other  hand,  with  excess  of  potassium  iodide  and  acid,  it  gives 
an  amount  of  free  iodine  which  can  be  calculated  from  the  equation 
KHI,Og  + 10KI  + 1 1HC1  = 11KC1  + GH20  + GI2,  so  that  it  can  also  be 
used  as  the  basis  for  iodometry  (p.  297).  However,  it  is  not  quite  easy 
to  prepare  a salt  of  constant  composition,  for  besides  the  salt  just 
mentioned,  there  is  a salt  KH2I3O0,  which  separates  out  from  more 
strongly  acid  solutions. 

Potassium  Carbonate,  K2C03,  was,  before  the  discovery  of  the 
German  potash  beds,  the  salt  of  potassium  which  was  available  in 
greatest  abundance,  and  was  therefore  the  most  important.  It  is 
called  potashes  because  it  was  obtained  from  the  ash  of  wood  and  other 

• parts  of  plants.  In  plants  the  potassium  salts  of  organic  acids  occur  ; 
, when  the  plants  are  burned,  the  carbon  of  the  acids  passes  into  carbon 

dioxide  and  the  potassium  remains  in  the  ash  in  the  form  of  the 
[■  carbonate. 

To  obtain  it  from  this,  the  ash  is  extracted  with  water;  the  soluble 
salts,  of  which  the  chief  is  potassium  carbonate,  are  dissolved,  and  the 
> insoluble  constituents  remain  behind.  To  obtain  the  salt  itself,  the 
! solution  must  be  evaporated.  The  expenditure  necessary  for  this  is 
all  the  greater  the  greater  the  quantity  of  water,  relative  to  the  amount 

• of  salt,  which  has  to  be  removed  ; it  is,  therefore,  of  importance  that  a 
solution  should  be  prepared  which  is  as  concentrated  as  possible.  On 

• the  other  hand,  it  is  just  as  important  to  extract  the  salt  as  completely 
as  possible  from  the  ash,  for  which  purpose  repeated  extraction  with 

I fresh  water  is  necessary. 

The  fulfilment  of  these  two  apparently  opposed  demands  becomes 
possible  by  means  of  the  principle  of  counter  currents,  already  mentioned. 
Let  there  be  given  a series  of  vessels  with  ashes,  A,  B,  C,  . . . If, 
now,  A is  extracted  with  a certain  quantity  of  water,  the  solution,  on 
the  one  hand,  is  by  no  means  saturated  with  potassium  carbonate,  and, 
on  the  other  hand,  a large  amount  of  the  salt  remains  behind  with  the 
ashes,  since  all  the  solution  cannot  be  removed.  For  the  extraction  of 
B there  is  used,  not  pure  water  but  the  solution  from  A,  and  A is  ex- 
tracted with  a fresh  portion  of  pure  water.  By  this  means  a much 
more  concentrated  solution  is  obtained  from  B and  a much  smaller 
residue  remains  in  A.  The  solution  from  B goes  to  C and  dissolves 
more  salt ; the  solution  from  A is  used  for  the  extraction  of  the 
residues  in  B,  and  by  a third  quantity  of  pure  water  the  salt  still 
- present  in  A can  be  almost  completely  removed. 

If  this  process  is  continued  systematically,  the  solvent  water  moves 
in  one  direction  and  the  ashes  to  be  extracted  in  the  opposite  direc- 
tion ; by  this  means  almost  completely  lixiviated  ash  is  exposed  to  the 
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action  of  fresh  water,  and  the  almost  saturated  solution  acts  on  fresh  jj 
ash,  the  result  of  which  is,  on  the  one  hand,  a well  lixiviated  residue,  , 
and,  on  the  other,  an  almost  saturated  solution.  By  means  of  this  < 
arrangement,  on  the  principle  of  counter-currents,  no  more  water  is  used  I ; 
than  is  necessary  to  dissolve  the  salt,  and,  on  the  other  hand,  the'  * ' 
soluble  matter  is  removed  from  the  residues  as  completely  as  is  i 
desired. 

The  same  process,  which  has,  for  the  sake  of  clearness,  been  here 
described  as  being  carried  out  in  different  vessels,  can  be  so  arranged  i 
as  to  go  on  continuously.  The  same  object  is  attained  if  we  imagine  • 
the  ash  to  be  slowly  moved  upwards  by  means  of  some  mechanical  con- 
trivance, while  at  the  same  time  water  trickles  from  above  down-  • 
wards. 

Besides  occurring  in  the  ash  of  plants  (the  ash  of  bituminous  and  <il 
of  brown  coal  contains  almost  no  soluble  substances),  potassium  car-;- 
bonate  is  also  found  abundantly  in  the  residues  which  are  left  in  work-  : 
ing  up  the  sugar  beet  (molasses  charcoal)  ; further,  rrot  inconsiderable  ■ j 
quantities  of  organic  potassium  salts  are  obtained  in  the  water  in: 
which  raw  sheep’s  wool  has  been  washed. 

The  potassium  carbonate  obtained  from  the  above  sources  is  of  no 
great  purity.  To  obtain  a pure  salt,  it  is  well  to  prepare  the  much 
less  soluble  potassium  bicarbonate  (vide  infra ) and  to  convert  this  into  : 
the  carbonate  by  heating. 

Potassium  carbonate  is  also  prepared  in  large  quantities  from : 
potassium  chloride.  For  this  purpose,  the  electrolytic  decomposition 
may  be  employed  whereby  potassium  hydroxide  is  formed  (p.  445) ; 
on  passing  carbon  dioxide  into  the  liquid  around  the  cathode,  potassium 
carbonate  (or  bicarbonate)  is,  of  course,  obtained  in  place  of  the 
hydroxide.  It  can  also  be  prepared  from  potassium  chloride  by  a 
process  exactly  similar  to  that  used  for  preparing  sodium  carbonate^ 
from  common  salt,  and  which  will  be  described  under  sodium.  Finallj-, 
potassium  carbonate  can  be  obtained  from  potassium  chloride  by  vay  j 
of  a double  salt  with  magnesium  carbonate ; the  chemical  reactions 
occurring  here  will  be  given  under  magnesium. 

Potassium  carbonate  is  a white  salt  which  is  very  soluble  in  water. 
Since  the  vapour  pressure  of  the  solution  saturated  at  the  ordinary } 
temperature  is  considerably  smaller  than  the  average  vapour  pressure 
of  the  water  in  the  air,  the  salt  deliquesces  in  the  air  to  a thickish  1 
liquid  which,  after  standing  some  time,  again  becomes  solid.  This  is 
due  to  the  fact  that  the  salt  absorbs  carbon  dioxide  from  the  air  and 
slowly  passes  into  potassium  bicarbonate  ( vide  infra).  By  carefully 
evaporating  the  aqueous  solution  at  a low  temperature,  hydrated  < 
crystals  of  the  composition  2K2C03+  3H20  are  obtained. 

The  aqueous  solution  of  potassium  carbonate  has  a fairly  strong 
basic  reaction,  and  exhibits  also  the  other  characteristics  of  hydroxidion. 
This  is  due  to  the  fact  that  the  ion  C03",  which  is  the  immediate  pro- 
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duct  of  dissociation  of  the  salt,  reacts  with  the  water  of  the  solution  in 
accordance  with  the  equation  C03"  + H20  = HC03'  + OH  . Reactions 
of  this  kind  have  keen  discussed  at  length  in  connection  with  phos- 
phoric acid  (p.  363). 

Potassium  carbonate  is  a convenient  starting  substance  for  the  pre- 
paration of  other  potassium  salts.  On  the  one  hand,  most  free  acids 
form  the  corresponding  salts  with  potassium  carbonate,  with  evolution 
of  carbon  dioxide.  Carbonic  acid  is,  as  has  already  been  shown  (p.  388), 
a very  weak  acid,  and  this  reaction  therefore  takes  place  with  great 
readiness  and  completeness.  On  the  other  hand,  carbonic  acid  forms 
very  difficultly  soluble  salts  with  almost  all  metals  except  those  of  the 
alkali  group.  If,  therefore,  salts  of  those  metals  with  any  acids  are 
brought  together  with  potassium  carbonate,  the  solubility  product  of 
the  corresponding  metallic  carbonate  is  exceeded,  and  the  latter  is  pre- 
cipitated, while  the  potassium  salt  of  the  acid  remains  in  solution, 
from  which  it  can  be  obtained  by  evaporation  after  filtering  off  the 
']  precipitate. 

Potassium  Bicarbonate. — In  the  aqueous  solutions  of  potassium 
carbonate,  the  ion  C03"  is,  as  has  already  been  mentioned,  partly  con- 
verted by  the  action  of  the  water  into  the  ion  HC03' ; the  quantity 
transformed,  however,  amounts  to  only  a few  per  cent  of  the  total 
quantity.  If,  however,  carbon  dioxide  be  passed  into  the  solution,  the 
reaction  C03"  + C0.2  + H20  = 2HC03'  takes  place  almost  completely, 
and  a solution  of  the  acid  or  primary  potassium  carbonate,  KHC03,  is 
formed.  If  the  solution  was  concentrated,  the  solubility  product  of  this 
salt  is  exceeded,  and  it  is  deposited  in  monoclinic  crystals. 

The  solution  reacts  fairly  neutral,  but  still  not  so  definitely  as  that 
of  a salt  of  a strong  acid,  and  dilute  solutions  exhibit  even  a distinctly 
alkaline  reaction.  This  is  due  to  the  fact  that  the  first  ion  of  the 
dibasic  carbonic  acid,  although  much  stronger  than  the  second,  is,  never- 
theless, the  ion  of  a very  weak  acid.  Hydrolysis  therefore  occurs, 
hydrion  from  the  solvent  water  uniting  with  HCO.^  to  form  undissoci- 
ated carbonic  acid  H2C03,  or  its  anhydride  C09.  The  presence  of  the 
last  compound  can  be  easily  demonstrated  by  heating  the  solution  ; 
even  before  the  boiling  point  has  been  reached,  bubbles  of  carbon 
dioxide  are  evolved.  In  proportion  as  carbon  dioxide  escapes,  more 
is  formed.  By  reason,  however,  of  the  increasing  concentration  of 
hydroxidion,  the  equilibrium  changes  so  as  to  become  more  and  more 
unfavourable  to  carbon  dioxide,  and  the  evolution  of  the  gas  finally 
sinks  practically  to  zero.  The  ratio  of  the  concentrations  at  which 
I this  occurs  depends  on  the  degree  of  dilution,  more  carbon  dioxide 
being  evolved  the  greater  the  dilution. 

Although,  therefore,  acid  potassium  carbonate  is  partially  decom- 
posed in  aqueous  solution,  the  pure  salt  is  obtained  by  the  careful 
evaporation  of  such  a solution.  This  is  due  to  the  fact  that  when 
some  of  the  pure  salt  has  separated  from  the  saturated  solution,  the 
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decomposition  of  the  solution  must  become  reversed,  for  by  the  separ-  ij 
ation  some  of  the  undecomposed  salt  is  removed  from  participation  in 
the  equilibrium,  and  equilibrium  can  be  re-established  only  by  more  of 
the  salt  being  formed.  This  goes  on  until  the  solution  is  evaporated  1 1 
to  dryness,  provided  there  is  no  deficiency  of  one  of  the  components,  ' ; 
especially  carbon  dioxide.  In  order,  therefore,  that  pure  salt  may  be  | 
obtained  with  certainty,  an  excess  of  carbon  dioxide  must  be  maintained 
in  the  solution,  by  passing  some  of  this  gas  into  the  solution  from  time 
to  time. 

The  above  relations  receive  an  application  in  numerous  similar 
cases. 

On  heating  dry  potassium  bicarbonate,  also,  decomposition  occurs,  j 
and,  in  this  case,  proceeds  further,  there  remaining  ultimately  a residue 
of  pure  normal  carbonate.  The  process  is  represented  by  the  equation 
2KHC03  = K2C03  + H20  + C02.  It  proceeds  in  a perfectly  similar  j 
manner  to  the  evaporation  of  a volatile  liquid,  and  at  each  temperature  ■ 
a quite  definite  pressure  is  established ; on  this  pressure  the  amounts 
of  the  two  solid  substances  present,  normal  and  acid  potassium  car- 
bonate, have  no  influence.  If  for  any  given  temperature  that  pressure  i 
has  been  established  at  which  equilibrium  exists,  and  if  it  be  now 
attempted  to  diminish  the  pressure  by  increasing  the  volume,  more  of 
the  acid  carbonate  decomposes  until  the  pressure  has  again  reached 
the  former  value.  If,  on  the  other  hand,  the  volume  is  diminished, 
the  pressure  is  only  temporarily  increased;  carbon  dioxide  and 
aqueous  vapour  are  absorbed  until  the  original  pressure  is  again 
established. 

* Such  a behaviour  follows  from  an  application  of  the  phase  law. 
We  are  here  dealing  with  three  components,  and  there  are  three  phases 
present,  viz.,  the  two  solid  salts  and  the  gaseous  mixture.  Conse- 
quently, there  still  remain  two  degrees  of  freedom,  and  at  each  temper- 
ature we  can  obtain  different  pressures  by  suitably  changing  the 
composition  of  the  gas  mixture.  So  long,  however,  as  this  mixture  is 
evolved  from  the  bicarbonate  itself,  its  composition  is  constant,  since 
it  consists  of  equal  molecular  amounts,  and  <therefore,  also,  equal 
volumes  of  carbon  dioxide  and  aqueous  vapour.  We  have  thereby 
disposed  of  one  of  the  degrees  of  freedom,  and  only  one  now  remains, 
so  that  to  each  temperature  there  belongs  a definite  pressure. 

-f  If,  on  the  other  hand,  the  composition  of  the  vapour  is  changed, 
the  pressure  can  also  be  changed  even  at  a constant  temperature.  The 
law  for  this  follows  from  an  application  of  the  theory  of  chemical 
equilibrium.  If  in  the  equation  2KHC03  = K2C03  + H,0  + CO.,  the 
concentrations  of  the  four  substances  are  designated  respectively  by  n, 
ft,  c,  and  d,  we  have  the  equation  a1  = k . bed,  where  k is  the  equilibrium 
constant  (p.  327).  Of  these  magnitudes,  a and  ft  are  constant,  since 
they  refer  to  solid  substances  ; collecting  all  the  constants,  there 
follows  c.  d = K,  where  K is  the  new  constant,  which  is  still  dependent 
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on  the  temperature  but  is  no  longer  dependent  on  the  concentrations 
or  amounts  of  the  participating  substances.  Hence  it  follows  that  if, 
at  a given  temperature,  the  concentration  of  the  aqueous  vapour  in  the 
gas  mixture  is  increased,  that  of  the  carbon  dioxide  must  decrease,  and 
vice  versa , until  the  product  of  the  two  concentrations  again  assumes  its 
former  value.  The  bicarbonate,  therefore,  will  undergo  less  decom- 
position in  an  atmosphere  of  aqueous  vapour  or  of  carbon  dioxide  than 
in  a vacuum  or  in  a foreign  gas.  This  rule  is  a general  one  for  decom- 


positions of  this  kind. 

Potassium  Sulphate,  K.,S04,  crystallises  in  anhydrous,  rhombic 
pyramids  which,  owing  to  the  presence  of  hemihedral  faces,  look  as  if 
they  belonged  to  the  hexagonal  system.  Such  imitations,  which  are 
comparable  with  the  mimicry  of  the  lower  animals,  are  not  rare  in  the 
case  of  crystalline  substances ; their  significance  has  not  yet  been 
i pointed  out. 

The  salt  is  rather  difficultly  soluble  in  water,  and  the  solubility  in- 
creases almost  linearly  with  rising  temperature. 

Potassium  sulphate  occurs  as  a constituent  of  the  double  salts  in 
the  German  potash  beds,  and  is  obtained  in  the  pure  state  by  a crystal- 
lisation process.  It  is  used  in  the  preparation  of  alum  (cf.  aluminium) 
and  of  potassium  carbonate,  and  as  a manure. 

When  warmed  with  sulphuric  acid  it  is  converted  into  the  acid 
potassium  sulphate,  in  accordance  with  the  equation  K2S04  + H2S04  = 
2KHS04.  The  latter  is  a salt  which  is  readily  soluble  in  water,  and 
melts  at  200°.  On  being  further  heated  it  loses  water  and  passes 
into  potassium  pyrosulphate  K2S207  (p.  291),  which  decomposes  at  a 
red  heat  into  normal  salt  and  sulphur  trioxide.  This  is  a method  of 
preparing  the  anhydride  from  sulphuric  acid  ; since  the  direct  prepara- 
tion of  the  latter  (p.  283)  was  introduced  this  process  has  lost  its 
technical  importance. 

Acid  potassium  sulphate  is  used  in  analysis  because  at  the  tempera- 
ture of  fusion  it  has  a powerful  solvent  and  decomposing  action  on 
many  substances,  especially  basic  oxides  and  silicates.  Its  action  is 
considerably  superior  to  that  of  sulphuric  acid.  This  is  due  to  the  fact 
that  the  temperature  can  be  raised  to  a higher  degree ; for  in  the  case 
of  sulphuric  acid  a limit  is  set  by  the  boiling  point,  340°. 

The  aqueous  solution  of  potassium  bisulphate  has  a strong  acid  re- 
action, because  the  anion  of  this  salt,  HSO/  partially  dissociates  into 
H and  SO/;  hydrion  is  thereby  produced  in  the  liquid,  and  exhibits 
its  reactions.  Accordingly,  the  ions  of  the  normal  sulphate,  2K'  and 
r SO/,  are  also  present  in  the  solution,  and  since  this  salt  is  less  soluble 
it  may  be  deposited  under  favourable  conditions.  This  is  the  case,  for 
* example,  when  a not  quite  saturated  solution  of  the  acid  salt  is  pre- 
j Pared  at  the  boiling  temperature,  and  the  liquid  allowed  to  cool, 
i The  same  reaction  occurs  when  the  acid  salt  is  allowed  to  lie  in  the 
air  on  a porous  surface,  e.g.  on  a brick.  The  solution,  rich  in  sulphuric 
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acid,  is  drawn  into  the  brick,  and  the  normal  potassium  sulphate  re-  ji 
mains  behind. 

Potassium  Persulphate,  K2S208.  The  formation  of  this  salt  in 
the  electrolysis  of  acid  potassium  sulphate  has  already  been  described  : 
(p.  293).  It  is  rather  difficultly  soluble  in  water,  and  exhibits  the  ! ; 
oxidising  actions  of  persulphuric  acid  ; it  therefore  finds  application  in 
photography  and  in  some  other  departments  of  the  arts.  When  pure, 
it  can  be  preserved ; but  its  decomposition  appears  to  be  catalytically 
accelerated  by  certain  substances,  so  that  impure  specimens  rapidly 
become  moist  in  the  air  and  deliquesce,  oxygen  being  evolved  and  acid 
sulphate  being  formed  : 2K2S208  + 2H20  = 4KHS04  + 02. 

Potassium  Sulphite. — Of  the  different  salts  which  sulphurous 
acid  can  form  with  potassion,  potassium  pyrosulphite,  K2S205,  is  the 
only  one  of  importance.  It  is  obtained  by  saturating  a warm,  con-  j 
centrated  solution  of  potassium  carbonate  with  sulphur  dioxide ; on 
cooling,  the  salt  crystallises  in  large,  transparent,  and  anhydrous  j 
crystals.  It  is  employed  in  photography,  and  has  the  advantage  that  ; 
it  oxidises  only  very  slowly  in  the  air,  while  other  sulphites  are  much 
less  stable  in  this  respect.  It  dissolves  in  Avater,  and  yields  a solution 
of  acid  sulphite,  i.e.  a solution  containing  the  ions  HS03'  and  K'. 

Potassium  Sulphide.— If  a solution  of  caustic  potash  is  satu- 
rated with  sulphuretted  hydrogen,  so  much  of  this  is  absorbed  that  the 
salt  KHS,  potassium  hydrosulphide  or  the  acid  salt  of  sulphuretted 
hydrogen,  is  formed.  By  evaporation  it  can  be  obtained  as  a very 
deliquescent  salt,  containing  AH.,0  of  crystallisation.  If  as  much 
caustic  potash  is  added  as  had  been  originally  taken,  and  the  solution 
evaporated,  potassium  sulphide,  Iv2S,  which  is  also  very  soluble,  can  be 
obtained  with  5Ho0  of  crystallisation.  Anhydrous  potassium  sulphide 
is  obtained  by  the  reduction  of  potassium  sulphate  Avith  pure  charcoal : 
K.,S04  + 4C  = K2S  + 4CO.  It  is,  however,  very  difficult  to  obtain  a 
pure  product,  because  the  fused  potassium  sulphide  attacks  vessels  of 
all  kinds  and  becomes  contaminated  Avith  the  constituents  of  these. 

The  aqueous  solution  of  potassium  sulphide  has  a strongly  alkaline 
reaction,  and  for  the  most  part  does  not  contain  the  ions  K and  S . 
On  the  contrary,  the  latter  react  with  the  solvent  Avater  and  form  HS' 
and  OH',  so  that  the  solution  contains  hydroxidion  in  large  quantity. 
Here,  as  in  all  such  cases,  Ave  are  dealing  Avith  a chemical  equilibrium 
in  which  all  possible  ions  are  present — sulphidion,  S",  therefore,  as 
Avell ; the  amount  of  the  latter  is,  however,  very  small. 

The  solutions  of  potassium  sulphide  rapidly  oxidise  in  the  air,  the 
sulphide  being  converted  into  the  potassium  salts  of  the  oxygen  acids 
of  sulphur.  In  the  first  instance,  thiosulphanion  is  formed  from  the 
ion  HS'  by  the  absorption  of  oxygen  : 2HS'  + 20,  = S203'  + H20. 

In  analytical  chemistry,  potassium  sulphide  is  employed  in  order  to 
obtain  those  difficultly  soluble  metallic  sulphides  which  are  decomposed 
by  acids  : e.g.  K.2S  + FeCl2  = FeS  + 2KC1.  For  this  purpose,  it  is  of 
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no  consequence  that  only  a small  amount  of  sulphidion  is  present  in  the 
solution,  for  when  this  is  removed  in  the  precipitate,  a fresh  quantity 
is  immediately  formed  from  HS'  and  OH'.  For  the  above  reaction, 
however,  potassium  sulphide  is  less  used  than  the  similarly  acting 
ammonium  sulphide,  since  the  latter,  or  its  products  of  transformation, 
can  be  much  more  readily  removed  from  the  analysis  than  can  potas- 
sium sulphide. 

If  a solution  of  potassium  sulphide  is  warmed  with  sulphur,  large 
quantities  of  the  latter  are  taken  up,  and  the  potassium  salts  of  the 
ions  S3",  S4",  and  S5"  are  formed,  according  to  the  amount  of  sulphur 
dissolved.  They  are  all  characterised  by  the  fact  that  they  give 
vellow-red  solutions.  If  the  liquids  be  poured  into  hydrochloric  acid, 
the  corresponding  acids  H2S2  to  H2S5  separate  out  as  oily  liquids, 
which  very  readily  decompose  into  sulphur  and  sulphuretted  hydrogen, 
and  are  not  known  in  the  pure  state.  If,  on  the  other  hand,  the 
hydrochloric  acid  is  added  to  the  sulphide  solutions,  sulphur  and 
sulphuretted  hydrogen  are  immediately  obtained.  The  former  is  very 
finely  divided,  and  constitutes  milk  of  sulphur  (p.  256). 

* The  peculiar  difference  of  these  two  reactions  is  due  to  the  fact 
that,  in  the  first  case,  the  acids  formed,  H2S2  to  H2S5,  are  always  in 
contact  with  the  acid  liquid ; in  the  second  case,  with  the  liquid  con- 
taining potassium  sulphide.  The  latter,  however,  acts  catalytically 
on  the  polysulphides  of  hydrogen,  and  accelerates  their  decomposition 
into  sulphuretted  hydrogen  and  sulphur. 

Potassium  Nitrate,  KN03,  or  saltpetre,  is,  along  with  common 
salt,  one  of  the  longest  known  salts.  The  reason  of  this  is  that  the 
materials  necessary  for  its  formation  ( vide  p.  318),  viz.  nitrogenous 
animal  matter  (dung)  and  potash  salts  (ashes),  accumulated  around  the 
dwellings  of  man  even  at  a period  of  very  low  civilisation,  so  that  the 
salt  produced  soon  presented  itself  to  observation.  The  nitranion  is 
formed  from  ammonia  under  the  action  of  certain  bacteria  (saltpetre 
bacteria),  which  promote  the  oxidation  of  the  ammonia  by  the  oxygen 
of  the  air.  If  no  compounds  of  potassium  are  present,  other  nitrates 
are  formed,  especially  calcium  nitrate,  by  means  of  the  almost  never- 
failing  calcium  compounds. 

From  such  places  of  its  formation,  whether  formed  by  chance  or 
purposely,  the  saltpetre  is  obtained  by  extraction  with  water,  whereby 
use  is  again  made  of  the  principle  of  counter-currents  (p.  455).  It 
is  separated  by  crystallisation  from  the  other  substances  which  are 
extracted  along  with  it,  an  operation  which  is  greatly  facilitated  by 
the  great  difference  of  its  solubility  at  different  temperatures. 

In  the  pure  state,  potassium  nitrate  is  a colourless  salt,  which 
crystallises  in  rhombic,  anhydrous  crystals.  The  crystals  often 
mechanically  enclose  portions  of  the  “ mother  liquor,”  i.e.  the  solution 
from  which  they  are  formed,  cavities  being  left  in  the  crystals  in  their 
growth,  in  which  the  solution  is  then  enclosed.  The  enclosed  liquid 


of  the  ions  K'  and  N03'  have  now  disappeared,  can  be  again  made  to 
deposit  sodium  chloride  at  the  temperature  of  boiling,  and  in  this  way 
it  is  possible  to  effect  the  complete  transformation  of  the  two  salts. 

The  same  method  of  purification  is  used  for  the  crude  saltpetre 
obtained  by  the  action  of  bacteria,  since  in  this  case  also  the  chief 
impurity  is  generally  common  salt. 

On  account  of  the  large  amount  of  oxygen  it  contains,  and  which 
it  readily  yields  up,  saltpetre  is  used  for  the  preparation  of  mixtures 
which  burn  without  the  aid  of  the  atmospheric  oxygen.  Such  mix- 
tures are  used  in  the  manufacture  of  fireworks,  and  as  explosives  for 
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blasting  and  shooting.  Whereas,  formerly,  saltpetre  was  almost  the 
onlr  substance  which  could  be  used  for  such  purposes,  a large  number 
of  other  substances  which  can  be  employed  are  now  known,  so  that 
the  importance  of  potassium  nitrate  has  greatly  decreased  compared 
with  formerly,  especially  as  it  has  been  replaced  by  the  cheaper 
sodium  nitrate  in  the  preparation  of  nitric  acid  and  its  derivatives. 

The  most  important  explosive  mixture  was  for  long  that  consisting 
of  saltpetre,  sulphur,  and  charcoal,  and  called  gun-powder.  Such  a 
mixture  burns  suddenly  when  ignited,  the  sulphur  and  the  carbon 
combining  with  the  oxygen  of  the  saltpetre ; gaseous  carbon  monoxide 
and  nitrogen  are  thereby  formed,  and  the  sudden  increase  of  volume 
or  of  pressure  thus  produced,  is  the  cause  of  its  action  in  blasting  and 
shooting.  It  is  a case  of  the  conversion  of  chemical  energy  into 
mechanical,  and  the  importance  of  gunpowder  and  all  such  substances 
depends  on  the  fact  that  considerable  amounts  of  transformable  chemi- 
cal energy  can  be  obtained  in  a very  short  time  from  comparatively 
small  amounts  of  such  substances. 

The  three  constituents  of  gunpowder  are  mixed  in  such  a way 
that  the  reaction  2KN03  + S + 2C  = K,S04  + N2  + 2CO  chiefly  occurs. 
According  to  the  combining  weights  of  the  substances  named,  the  pro- 
portions would  be  202  : 32  : 24,  or  1 :0T59  :0T19  ; the  proportions 
which  are  actually  used  vary,  but  are,  on  the  average,  1 : 0T6  : 0T6. 
In  the  preparation,  however,  pure  charcoal  is  not  employed,  but 
a product  obtained  by  the  very  slight  carbonisation  of  thin  pieces 
of  wood,  which  still  contains  large  quantities  of  hydrogen  and  ash. 
For  this  reason,  the  chemical  process  pursues  a more  or  less  different 
course  from  that  given  in  the  equation  ; in  particular  there  are  formed, 
besides  potassium  sulphate,  compounds  containing  less  oxygen  and 
even  potassium  sulphide. 

The  three  moles  of  gas  formed  in  accordance  with  the  simple 
equation  occupy,  under  atmospheric  pressure  and  at  0°,  a volume  3 x 
42,400  cc.,  while  the  258  gm.  of  the  mixture  occupy  scarcely  100  cc., 
i.e.  about  y-J-^th  of  the  former  volume.  The  very  considerable 
pressure  which  thereby  results,  and  which  is  produced  by  the  com- 
bustion of  the  gunpowder  in  a confined  space,  is  further  largely 
increased  by  the  fact  that  owing  to  the  heat  of  reaction,  the  tempera- 
ture rises  to  considerably  above  a red-heat.  From  the  heats  of  forma- 
tion of  the  l'eacting  substances,  the  heat  of  reaction  can  be  calculated 
to  be  686  kj.  If  this  amount  of  energy  were  completely  convertible 
into  kinetic  energy,  1 gm.  of  gunpowder  would  suffice  to  project  a ball 
1 kilogm.  in  weight  with  a velocity  of  16  x 104  cm. /sec.,  or  U6  kilo- 
metre/ sec.  As  a matter  of  fact,  only  a portion  of  the  energy  is 
utilised,  since  the  gases  produced  leave  the  gun  at  a fairly  high  tem- 
perature ; besides,  it  is  not  yet  known  what  part  of  the  total  energy 
is  present  as  free  energy,  i.e.  is  convertible  into  other  forms  of  energy 
(p.  208). 
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Saltpetre  melts  at  339°,  and  at  a higher  temperature  it  loses  :j 
oxygen,  and  passes  into  potassium  nitrite  (which  see).  This  reaction 
is  of  historical  interest,  because  Scheele,  the  discoverer  of  oxygen,  first 
obtained  the  pure  gas  in  this  manner. 

* In  order  to  show  this  evolution  of  oxygen,  saltpetre  is  melted  in  1 I 
a thin-walled  tube  over  a strong  flame,  and  the  liquid  is  heated  until 
the  evolution  of  gas  is  observed.  If,  now,  small  pieces  of  sulphur  are  I 
thrown  on  the  fused  mass,  they  burn  with  an  exceedingly  dazzling 
light,  and  potassium  sulphate  is  formed,  as  well  as  lower  oxidation 
compounds  of  nitrogen,  which  escape  in  the  form  of  brown  fumes. 

Potassium  Nitrite,  KN02,  was  for  a long  time  the  most  largely 
used  salt  of  nitrous  acid,  and  was  employed  for  all  purposes  for  which 
that  acid  was  used,  more  especially  in  the  preparation  of  artificial  dyes.  « 
In  recent  times  it  has  been  replaced  by  the  cheaper  sodium  nitrite. 
Potassium  nitrite  is  a yellowish  salt,  very  readily  soluble  in  water, 
which  is  obtained  from  potassium  nitrate  by  heating  this  with  reduc- 
ing substances,  usually  with  lead  (p.  329).  Since  it  does  not  crystallise 
well,  it  is  generally  sent  into  the  market  cast  into  sticks.  The 
aqueous  solution  reacts  alkaline,  for  nitrous  acid  is  a weak  acid,  and  its  : 
salts  are  appreciably  hydrolysed  in  aqueous  solution. 

Potassium  Silicate. — Caustic  potash  and  potassium  carbonate 
fuse  together  in  all  proportions  with  silicon  dioxide  to  form  glassy 
masses  which,  if  they  do  not  contain  too  much  of  the  lattei  substance, 
dissolve  in  large  amounts  on  prolonged  boiling  with  water,  forming 
syrupy  liquids.  It  is  not  possible  to  detect  any  definite  compounds  in 
these.  From  the  alkaline  reaction  of  the  solutions,  it  can  be  inferred  . j 
that  the  potassium  silicate  present  is  partially  dissociated  hydro- 
lytically j by  means  of  dialysis  it  is  found  that  a portion  of  the  silicic 
acid  is  present  in  the  colloidal  state,  and  the  electrical  conductiv  ity 
shows  that  a given  solution,  on  being  kept,  undergoes  change  in  such 
a way  that  more  hydroxidion  and  colloidal  silicic  acid  continue  to  lie 
formed,  for  the  conductivity  increases1  when  the  solution  is  kept  and 

external  influences  carefully  excluded. 

The  concentrated  solution  of  potassium  silicate  is  placed  on  the 
market  under  the  name  of  water  glass,  since  in  the  air  it  dries  up  to  a 
o-lassy  mass.  It  effects  a kind  of  silicification  in  substances  soaked  in  or 
painted,  over  with  it,  and  is  therefore  extensively  applied  in  the  arts. 

Potassium  Silicofluoride. — As  has  already  been  mentioned, 
solutions  of  hydrofluosilicic  acid  give,  with  potassion,  precipitates  of  the  t 
very  difficultly  soluble  salt  K,SiF6.  The  reaction  must  be  carried  out 
in  acid  solution,  since  alkaline  liquids  decompose  hydrofluosilicic  acid  l 


(p.  427). 

i Hydroxidion  causes  at  least  twice  as  great  a conductivity  as  any  other  anion  in 
eciuivalent  amount,  as  has  been  found  from  the  investigations  ol  this  point.  Since  tne 
Satn  of  other’  anions  of  great  conductivity  is  excluded  here  it  mus i be  cone 
from  the  increase  of  the  conductivity  that  there  is  an  increase  of  hydroxidion  m 
manner  given. 
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The  precipitate  of  the  potassium  salt  has  an  unusual  appearance, 
for  it  is  almost  invisible  in  the  liquid,  and  when  it  is  observed  in  some 
quantity  in  a transparent  vessel,  it  forms  a translucent  mass  exhibiting 
a play  of  pale  colours  which  reminds  one  of  opal.  The  cause  of  this 
is  that  the  index  of  refraction  of  this  salt  is  very  nearly  the  same 
as  that  of  water.  If  there  is  placed  in  a liquid  a solid  powder  which 
has  nearly  the  same  power  of  refraction  as  the  liquid,  interference 
colours  are  produced  by  the  partial  mutual  extinction  of  the  different 
rays,  and  the  light  which  remains  is  correspondingly  coloured.  The 
variation  in  the  size  of  the  particles  is  the  reason  that  different  rays 
are  extinguished,  and  to  this  the  iridescence  is  due. 

Very  similar  to  this  salt  is  the  potassium  salt  of  hydrofluoboric 
acid,  KBF4  (p.  431). 

Potassium  Cyanide. — On  heating  potassium  with  substances 
which  contain  nitrogen  along  with  carbon,  potassium  cyanide,  KCN, 
the  most  important  salt  of  cyanidion,  is  formed.  It  was  formerly 
chiefly  prepared  by  heating  potassium  carbonate  with  nitrogenous 
charcoal,  obtained  by  the  carbonisation  of  horn,  leather,  or  other 
j animal  substances.  Since  potassium  carbonate  and  charcoal  yield 
metallic  potassium,  the  reaction  is  the  same  as  the  former  mentioned. 
The  product  contains  very  impure  potassium  cyanide,  and  since  this 
does  not  readily  crystallise  and  is  therefore  difficult  to  purify,  the 
potassium  cyanide  present  was  converted  by  heating  the  aqueous  solu- 
tion with  iron  compounds  into  a salt  of  complicated  composition, 
potassium  ferrocyanide,  or  yellow  prussiate  of  potash  ( vide  iron),  which 
i can  be  easily  purified  by  crystallisation.  From  this,  pure  potassium 
, cyanide  is  again  recovered. 

At  the  present  time,  when  a large  demand  for  potassium  cyanide 
has  arisen  for  the  purposes  of  gold  extraction,  other  methods  of  pre- 
paration have  been  sought  for.  Cyanogen  compounds  are  formed,  in 
i general,  at  very  high  temperatures  when  the  elements  carbon  and 
nitrogen  are  present  (p.  413);  thus,  for  example,  considerable  quantities 
of  potassium  cyanide  are  formed  in  the  iron  blast-furnaces.  On  the 
I manufacturing  scale,  it  can  be  obtained  by  passing  ammonia  over  a 
mixture  of  potassium  carbonate  and  charcoal  at  a high  temperature. 

1 urther,  barium  cyanide  is  formed  from  a mixture  of  barium  carbonate, 

|i charcoal,  and  free  nitrogen  at  the  temperature  of  the  electric  furnace  ; 
the  product  is  converted  into  potassium  cyanide  by  means  of  potassium 
I' carbonate  or  sulphate. 

Potassium  cyanide  is  a white,  very  soluble  salt,  whose  aqueous 
solution  has  an  alkaline  reaction  and  smells  strongly  of  hydrogen  cyanide. 

his  is  due  to  the  fact  that  hydrocyanic  acid  is  an  extremely  weak 
i acid,  whose  salts  are  partially  dissociated  hydrolytically  in  aqueous 
solution  ; the  carbonic  acid  of  the  air  also  has  a decomposing  action 
on  the  salt.  Potassium  cyanide  is  a powerful  poison  ; in  spite  of  this 
it  is  largely  employed  in  the  arts.  It  is  used  in  photography  to 
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dissolve  silver  salts,  also  in  electroplating  with  metals,  especially  in  , 
gilding  and  silvering,  and  finally,  in  very  large  amounts,  for  extracting J 
the  finely  divided  gold  from  the  auriferous  beds,  especially  in  South  \ 
Africa.  Since  all  these  applications  depend  on  the  formation  ol  I 

definite  compounds  with  the  heavy  metals  named,  they  can  be. 
explained  in  detail  only  under  these  metals. 

In  analytical  and  preparative  chemistry,  potassium  cyanide  is  used  > 
as  a powerful  reducing  agent,  which  allows  of  many  metals  beings 
separated  from  their  oxides  and  sulphides  at  its  temperature  of  fusion. 

It  is  converted  in  the  process  into  potassium  cyanate  and  potassium! 
thiocyanate  respectively. 

As  to  potassium  cyanate,  the  essential  points  have  already  been 
given  (p.  415).  It  is  a white  salt  readily  soluble  in  water,  which  on 
being  acidified  evolves  carbon  dioxide,  while  an  ammonium  salt  is 
formed  in  the  solution.  This  reaction,  which  depends  on  the  transfor- 
mation of  cyanic  acid,  has  also  been  already  explained  at  the  place  cited. 

Potassium  thiocyanate,  or  sulphocyanide,  KSCN,  is  the  salt  chiefly, 
used  in  the  applications  of  thiocyananion,  SON'.  It  is  a colourless- 
salt  which  readily  dissolves  in  water,  at  the  same  time  producing  a 
very  considerable  fall  of  temperature.  It  is  easily  obtained  by  heatingi 
potassium  cyanide  with  sulphur. 

Potassium  Oxalate.— Oxalic  acid  forms  with  potassium  not  only 
the  two  salts  which,  according  to  the  dibasic  nature  of  the  acid,  aie  too 
be  expected,  but  also  another  salt  which  can  be  regarded  as  a com 
pound  of  oxalic  acid  with  acid  potassium  oxalate.  Of  the  salts  of 
oxalic  acid,  those  with  potassium  are  the  best  known,  because  they 
occur  in  the  juices  of  various  plants,  from  which  they  were  early  pre 
pared,  and  have  led  to  the  knowledge  of  oxalic  acid.  . 

Normal  potassium  oxalate,  K2C204  + H20,  is  a white  salt  soluble  lrij 

water,  and  is  used  in  photography.  i , , 

Acid  potassium  oxalate,  KHC204  + £HsO,  is  called  salt  of  sorrel 
because  it  was  first  obtained  by  evaporation  and  crystallisation  fromr 
the  juice  of  the  wood-sorrel.  It  is  less  soluble  than  the  normal  salt., 
and  is  used  for  removing  iron  and  ink  stains,  since  it  converts  iroi 

salts  into  soluble  (complex)  compounds.  . r,  n 

Potassium  tetroxalate  is  the  name  given  to  the  salt  IviiUU4 


roiasbium  — “““  ° . , , '• 

H C 0 + 2Ho0,  which  is  easily  obtained  by  mixing  one  of  the  previous 


salts  with  the  necessary  excess  (or  rather  more)  of  oxalic  acid  in  warm: 
concentrated  solution.  It  then  quickly  crystallises  out,  since  it  is  rather 
difficultly  soluble.  This  salt  is  used  in  volumetric  analysis  in  place  oi 
free  oxalic  acid,  because  it  does  not  effloresce  so  readily  as  the  latte  - 
and  allows  therefore  of  definite  amounts  being  accurately  weighed  o 
;'r  If  two  equal  amounts  of  acid  potassium  oxalate  are  weight-  . 
and  one  converted,  by  heating,  into  potassium  carbonate  and  then  A - 
solved  along  with  the  second  portion,  a liquid  havmg  a pei 
neutral  reaction  is  obtained,  after  the  carbonic  acid  is  boiled  oft.  f 
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is  a proof  that  in  the  acid  oxalate  exactly  half  as  much  potassium  is 
. contained  as  is  necessary  for  the  preparation  of  the  normal  salt.  In 
this  simple  manner,  the  law  of  multiple  proportions  (p.  140)  was  proved 
by  Wollaston  as  early  as  the  year  1808. 

Other  Compounds  of  Potassium. — On  account  of  its  great 
tendency  to  form  ions,  potassium  can  form  non-saline  compounds  only 
in  the  absence  of  water,  and  all  these  compounds  possess  the  pro- 
perty of  decomposing  in  contact  with  water  in  such  a way  that 
potassion  is  formed  along  with  the  corresponding  other  substances. 
Of  such  compounds  the  following  have  to  be  mentioned. 

Potassium  peroxide  is  formed  by  the  combustion  of  potassium  in 
dry  oxygen.  Its  composition  varies  between  the  amounts  represented 
by  the  formulae  K203  and  K204.  In  water  it  dissolves  with  evolution 
of  oxygen  and  formation  of  hydrogen  peroxide. 

Potassium  hydride , K2H  or  K4H2,  is  formed  when  hydrogen  is 
passed  over  potassium  at  a temperature  of  about  300°.  It  forms  a 
mass  with  a metallic  lustre,  and  again  loses  its  hydrogen  at  fairly 
high  temperatures.  The  pressure  of  the  hydrogen  increases  with  rise 
of  temperature,  but  is  not  independent  of  the  degree  of  decomposi- 
1 tion,  as  in  the  case,  for  example,  of  salts  with  water  of  crystal- 
lisation, but  diminishes  as  the  decomposition  proceeds.  This  is  due 
to  the  fact  that  at  these  temperatures  the  substance  is  liquid,  and  is 
a mixture  of  potassium  and  potassium  hydride  of  varying  composi- 
tion. Just  as  the  vapour  pressure,  for  example,  of  hydrated  sulphuric 
acid  varies  with  the  proportions  of  water  and  sulphuric  acid  in  the 
i liquid,  and  diminishes,  therefore,  when,  at  a given  temperature,  an 
increasingly  large  part  of  the  water  is  allowed  to  pass  into  vapour,  so 
the  pressure  of  the  hydrogen  from  the  liquid  mixture  diminishes  in 
proportion  as  the  latter  becomes  less  rich  in  hydrogen. 

[ This  follows  on  applying  the  phase  law  to  the  case  in  question. 

( There  are  two  components  and  two  phases,  viz.  the  liquid  mixture  and 
: the  hydrogen  gas.  Consequently  there  are  still  two  degrees  of  freedom 
present,  i.e.  at  a given  temperature,  different  pressures  can  exist 
depending  on  the  composition  of  the  liquid. 

A ith  water,  potassium  hydride  forms  potassium  hydroxide  and 
hydrogen.  It  very  readily  ignites  in  the  air. 

By  the  action  of  metallic  potassium  on  ammonia  gas,  a greyish 
' fo;en  mass  of  potassamide  is  formed  in  accordance  with  the  equation 
S-K  + 2NH3  = 2KH2N  + H2.  This  compound  can  be  regarded  as 
i unmonia,  in  which  one  combining  weight  of  hydrogen  is  replaced  by 
■potassium.  It  is  very  reactive,  and  is  used  for  the  preparation  of 
[ >ther  mtrogen  compounds,  especially  in  organic  chemistry.  By  the 
i -ction  of  nitrous  oxide  it  is  converted  into  the  potassium  salt  of 
feiydrazoic  acid:  RH2N  + N20  = KN3  + H00  (p.  346).  With  water, 
f potassamide  decomposes,  forming  potassium  hydroxide  and  ammonia  • 
vil2N  + HqO  = KOH  + NH 
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General. — The  chemical  relations  of  sodium  are  very  similar  to; 
those  of  potassium,  so  that  for  chemical  purposes  the  one  metal  can  in 
most  cases  replace  the  other.  This  holds  good  especially  for  those  re 
actions  in  which  the  ions  come  into  account.  The  reason  of  this  is  that, 
sodion  also  represents  by  far  the  most  stable  state  as  compared  "itk 
metallic  sodium,  and  the  reactions  of  this  element,  as  in  the  case  of 
potassium,  are  therefore  chiefly  characterised  by  the  fact  that  the  ion  is 
formed  with  especial  readiness  from  the  metal,  but  the  metal  only  with 
difficulty  from  the  ion.  Since,  further,  the  state  of  the  salts  in  the 
solid  form  approaches  more  nearly  to  that  of  the  ions  than  to  that  of' 
the  metal,  sodium,  like  potassium,  will  be  easily  transformed  from  one 
of  its  salts  into  another,  but  will  be  converted  only  with  difficulty  from’ 
a salt  into  the  metal  or  a compound  closely  related  to  this. 

Metallic  sodium  does  not  occur  in  nature,  since  it  would  everywhere 
have  an  opportunity  of  exercising  its  tendency  to  pass  into  sodion. 
Sodion,  however,  has  an  extensive  distribution,  and,  along  with 
chloridion,  with  which  it  occurs  in  sea- water,  it  may  be  regarded  as  the 
most  abundant  ion  in  those  parts  of  the  earth’s  surface  which  are 
accessible  to  us. 

In  more  remote  times,  the  compounds  of  the  two  elements! 
potassium  and  sodium  were  confused  with  one  another.  M hen  it  wasi 
learned  how  to  distinguish  them  (p.  436),  caustic  potash  was  known  as. 
the  vegetable,  and  caustic  soda  as  the  mineral  alkali,  because  the  formei 
was  obtained  chiefly  from  the  ash  of  plants,  the  latter  from  common 
salt  It  was  later  found  by  Klaproth  that  both  elements  are  present 
in  the  mineral  kingdom.  So  far  as  the  vegetable  kingdom  is  concerned, 
an  essential  difference  does  certainly  exist  between  the  two  elements, 
for  compounds  of  potassium  must  be  present  in  considerable  amount  in 
plants  in  order  that  these  may  develop  normally.  Sodium  compounds, 
it  is  true,  are  never  wanting  in  plants,  but  they  are  more  chance  con- 
stituents which  pass  into  the  plants  from  the  soil,  in  which  they  arq 
always  present,  and  seem  not  to  play  any  particular  part  in  tnenu 
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Although  therefore,  normal  vegetation  may  be  hindered  by  an  entire 
exclusion  of  sodium  compounds  (although  no  indubitable  evidence 
on  this  point  exists),  it  is  certain  that  the  quantities  of  sodium  which 
may  possibly  be  necessary  for  a plant  are  incomparably  smaller  than 
the  amounts  of  potassium  which  are  indispensable. 

The  cause  of  this  difference  may  be  found  in  the  following  circum- 
stance. Whereas  the  soil  in  which  plants  thrive  has  the  remarkable 
property  of  withdrawing  dissolved  potassium  compounds  from  solution, 
and  retaining  them  in  such  a way  that  they  can  be  taken  up  only  in 
La  very  slight  degree  by  water,  the  behaviour  is  quite  different  with 
respect  to  the  sodium  compounds.  These  are  not  taken  up  and 
retained  by  the  soil,  but  filter  through  without  difficulty.  Whereas, 
therefore,  the  amount  of  potassium  compounds  in  the  soil  is  consider- 
able and  almost  independent  of  chance  conditions,  the  amount  of  the 
; sodium  compounds  is  subject  to  variation  and  to  chance.  On  the 
principle  of  the  survival  of  the  fittest,  it  is  intelligible  that  the  chemical 
requirements  of  the  plants,  the  satisfaction  of  which  is  effected  by  an 
alkali  metal  (or  its  ion),  should  be  supplied  by  the  constantly  present 
potassium,  since  organisms  whose  life  depended  on  utilising  sodium 
compounds  would  die  out  by  reason  of  the  readily  occurring  lack  of 
j these. 

The  accumulation  of  sodion  in  sea-water  is  due  to  the  same  cause. 

I When  in  the  decomposition  of  the  rocks  by  water  and  carbonic  acid, 
described  on  p.  421,  the  alkali  metals  pass  into  solution  in  the  form  of 
ft  heir  ions,  they  follow,  in  the  first  instance,  the  general  movement  of 
lithe  water  towards  the  ocean.  The  potassium,  however,  is  mostly 
retained  on  the  way,  because  it  is  seized  hold  of  by  the  soil;  the 
jsodion,  however,  passes  on  unhindered  to  the  sea,  and  is  deposited 
.again  in  the  solid  form  only  in  rare  cases,  viz.,  when  the  sea-water  is 
iconcentrated  by  evaporation  until  the  solid  salt  forms. 

Cases  of  this  have  occurred,  especially  in  former  geological  periods, 
and  have  given  rise  to  beds  of  rock-salt  or  sodium  chloride,  the  two 
|iions  which  are  present  in  greatest  abundance  in  sea-water  having  been 
c deposited  together  as  solid  salt. 

Metallic  Sodium. — We  have  already,  on  several  occasions,  become 
; acquainted  with  metallic  sodium  as  a silver  white,  soft,  and  readily 
i f usible  metal,  which  reacts  energetically  in  contact  with  water,  and  just 
' vs  readily  forms  compounds  with  many  other  substances.  It  behaves, 
n general,  quite  similarly  to  potassium,  from  which  it  is  distinguished 
toy  the  somewhat  inferior  violence  of  its  reactions. 

Thus,  sodium  does  not  take  fire  when  thrown  on  water;  it  does  so, 
bnowever,  if  its  motion  and  the  cooling  which  is  thereby  effected  is  pre- 
> ented.  This  happens  when  the  metal  is  placed  on  wet  paper  or  on  an 
aqueous  jelly  of  glue  or  of  starch.  The  evolved  hydrogen  as  well  as  a 
■portion  of  the  metal  then  burns  with  a bright  yellow  flame,  and  all  the 
p!  ames  m a room  in  which  such  a combustion  has  occurred  burn  dis- 
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tinctly  yellow  for  a considerable  time.  1 his  is  due  to  the  fact  that  1 
the  dissipated  sodium  compounds  colour  the  flames  yellow,  even  when  i 
present  in  the  minutest  quantities  (p.  84). 

Sodium  melts  at  97 '5  , and  boils  at  about  i 40  . 1 he  accurate  a] 

determination  of  its  vapour  density  is  difficult,  but  the  experiments  • ■ 
which  have  been  made  agree  in  showing  that  the  molar  weight  oil, 
sodium  vapour  is  23,  or  equal  to  the  combining  weight.  This  identity  q 
is  a general  property  of  the  metals,  so  far  as  these  are  known  in  the : 
vapour  form,  and  less  doubtful  cases  of  the  confirmation  of  this  rule' 
will  be  given  later  (cf.  zinc). 

By  mixture  with  other  metals,  the  melting  point  of  sodium  is  • 
lowered.  This  is  especially  wel-l  seen  on  adding  potassium  ; in  this  ■ 
way  alloys  can  easily  be  obtained  which  are  liquid  at  the  room  tem- 


perature. 

* This  phenomenon  is  by  no  means  to  be  explained  as  a conse-r 
quence  of  chemical  combination  between  the  metals  ; on  the  contrary ,r 
it  is  the  simple  consequence  of  the  perfectly  general  fact  that  the  melt-: 
ing  point  of  every  substance  is  lowered  by  the  addition  of  such  sub-b 
stances  as  are  soluble  in  the  liquid  form  of  the  first  substance.  If  thea 
melting  point  of  the  pure  substance  is  not  too  high  above  room 
temperature,  the  lowering  can  occur  to  below  this  temperature,  and  the* 
phenomenon  in  question  makes  its  appearance.  , 

The  first  preparation  of  metallic  sodium  was  effected  by  Davy  by  e 
means  of  the  voltaic  pile  at  the  same  time  as  that  of  potassium  (p.  436).| 
Shortly  afterwards  the  method  of  obtaining  it  by  distillation  of  sodiumn 
carbonate  with  charcoal  was  discovered,  corresponding  to  the  method* 
mentioned  under  potassium.  Since  about  1860,  sodium  has  been* 
obtained  on  the  large  scale  by  this  method,  the  metal  being  vised  for 
preparing  aluminium.  Recently,  however,  the  electrical  method  ha& 
again  been  adopted,  and  sodium  is  obtained  by  the  decomposition  of 
sodium  hydroxide  by  means  of  the  electric  current.  By  reason  of  the 
comparatively  small  cost  of  electrical  energy,  combined  with  the  good* 
yield  obtained,  sodium  can  be  obtained  more  cheaply  by  this  than  by 
the  old  method.  It  is  remarkable  that  this  method  is  identical  with: 
that  by  which  sodium  was  first  prepared,  for  on  that  occasion  also,. 

sodium  hydroxide  was  the  original  substance. 

* The  electrolysis  is  carried  out  in  iron  pots  divided  by  permeable! 
partitions.  At  the  anode  oxygen  escapes,  at  the  cathode  sodium  an 
hydrogen  are  formed.  The  separated  metal  is  lightei  than  the  q • 
hydroxide,  and  therefore  floats  to  the  surface;  it  is  skimmed  off  f.om 

t'me^SodTum  can  also  be  obtained  by  the  electrolysis  of  fused  s(A 
chloride.  Much  difficulty,  however,  is  caused  by  the  high i It  * 

point  of  this  salt.  The  melting  point  can  be  lowered  by 
with  potassium  chloride ; mixtures  of  sodium  with  a little  potasau 
are  then  obtained,  but  not  the  pure  metal. 
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Metallic  sodium  is  largely  used  in  the  arts  and  in  the  laboratory. 
Its  former  importance  for  obtaining  other,  difficultly  reducible  metals, 
has  been  lost,  since  the  object  can  generally  be  attained  more  readily 
by  means  of  magnesium  or  aluminium,  or  by  the  electrolytic  method. 
It  is  used,  however,  as  a powerful  reducing  agent  in  many  reactions 
in  organic  chemistry,  and  for  obtaining  reactive  intermediate  pro- 
ducts. 

For  these  purposes,  the  metal  is  best  employed  in  a condition  in 
which  it  offers  a large  surface.  Since,  on  account  of  the  softness  of  the 
metal,  it  cannot  be  reduced  to  small  pieces  by  blows  or  by  filing,  it  is 
forced,  by  means  of  an  iron  screw  m 

press  (Fig.  106),  through  narrow  ^ f~^) 

^openings,  and  is  thus  obtained  in  ssr"  V_y 

the  form  of  wire  or  of  ribbon,  ac- 
cording to  the  shape  of  the  open- 
: ing.  Since  in  this  state  the  metal 
very  rapidly  oxidises  in  the  air, 
the  wire  is  allowed  to  fall  directly 
:into  the  liquid  on  which  it  is  to 
act,  or  it  is  collected  in  a liquid 
which  does  not  contain  oxygen. 

Petroleum,*  which  is  usually  em- 
ployed for  this  purpose,  has  the 
• disadvantage  that  it  is  difficult  to 
remove;  for  chemical  purposes, 

.therefore,  it  is  better  to  use  readily  volatile  hydrocarbons  obtained 
from  the  low-boiling  portions  of  petroleum  (so-called  petroleum 
benzine  or  petroleum  ether). 

Sodion. — The  description  of  the  general  characteristics  which  was 
given  for  potassion,  can  be  applied  almost  word  for  word  to  sodion. 
This  also  is  a monovalent  ion,  which  is  colourless,  and  forms,  almost 
exclusively,  readily  soluble  salts.  In  this  respect  it  is  even  superior  to 
potassium,  since  there  is  scarcely  a difficultly  soluble  salt  of  sodium 
known  by  means  of  which  this  ion  could  be  readily  and  certainly 
detected.  Further,  there  is  no  compound  of  sodium  known  which  is 
formed  in  aqueous  solution,  by  the  colour  of  which  it  is  possible  to 

■ detect  sodion.  This  is  due  to  the  fact  that  in  all  aqueous  solutions 

■ which  contain  sodium,  that  element  is  present  in  the  form  of  sodion, 
or,  in  other  words,  no  sodium  compound  can  be  dissolved  in  water 
without  being  converted  for  the  most  part  into  sodion. 

The  detection  of  sodium  in  analysis  would,  therefore,  be  a matter 
' difficulty  if  it  were  not  that  there  is  another  property  by  means  of 
\ which  it  is  rendered  very  easy.  This  is  the  yellow  coloration  which 
vis  imparted  to  a flame  through  the  presence  of  sodium  (p.  84).  To 
what  form  or  compound  of  sodium  this  yellow  light  has  to  be  ascribed, 
thas  not  yet  been  determined  with  certainty  ; for  the  purposes  of 


Fig.  106. 
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analysis  the  fact  is  sufficient  that  all  sodium  compounds  give  rise  to 
this  phenomenon  in  flames  containing  oxygen. 

To  carry  out  the  experiment,  the  substance  to  be  investigated  is 
introduced  into  the  non-luminous  flame  of  the  Bunsen  burner ; if  it  is 
in  the  form  of  a liquid  solution,  this  is  evaporated,  and  the  residue' 
tested.  As  a carrier  for  the  substance,  a thin  platinum  wire  is  used, 
the  end  of  which  is  bent  into  the  form  of  a loop. 

It  is  soon  found  that  the  faint  blue  colour  of  the  Bunsen  flame  is 
coloured  yellow  by  almost  all  substances.  If  the  platinum  wire  has 
lain  for  some  time  in  the  air  so  that  it  is  covered  with  some  dust,  it 
also  imparts  a yellow  coloration  to  the  flame,  but  this  coloration  soon 
disappears.  It  is  only  necessary,  however,  to  draw  the  wire,  cleaned 
by  heating  in  a flame,  between  the  fingers,  when  it  again  acquires  the 
above  property  for  some  moments. 

This  is  a consequence,  on  the  one  hand,  of  the  wide  distribution  of 
sodium,  and,  on  the  other  hand,  of  the  great  sensitiveness  of  the  flame 
coloration.  By  evaporating  some  sodium  into  a large  space  and  deter- 
mining the  point  at  which  a Bunsen  flame  burning  in  this  space  just  i 
began  to  show  the  coloration,  the  fact  could  be  established  that  less 
than  3 x ICG10  gm.  of  sodium  are  sufficient  to  give  this  reaction. 

The  difficulty  ivhich  is  caused  by  the  wide  distribution  of  small 
quantities  of  sodium  in  cases  where  we  are  dealing  with  the  detection 
of  comparatively  large  amounts  of  this  element  in  a specimen  given, 
can  be  overcome  by  observing  the  length  of  time  during  which  the 
yellow  coloration  lasts.  Whereas  the  accidental  traces  of  sodium  in 
dust  and  in  almost  all  substances  give  rise  to  only  a feeble  coloration 
which  quickly  disappears  on  account  of  the  volatility  of  the  sodium 
compounds,  appreciable  quantities  of  sodium,  of  the  order  of  1 
milligm.,  produce  a brightly  luminous  yellow  flame  which  lasts  for 
a considerable  period  with  undiminished  brightness.  By  a few  ex- 
periments made  with  known  quantities  of  sodium  compounds,  the 
chemist  learns  once  for  all  to  distinguish  between  these  phenomena. 

This  method,  of  course,  cannot  be  employed  for  the  quantitative 
determination  of  sodium.  In  this  case  the  two  alkali  metals,  potassium 
and  sodium,  are  generally  separated  as  salts  of  the  same  nature  (e.g.  as 
chlorides),  weighed  together,  and  the  amount  of  potassium  determined 
by  means  of  the  methods  described  on  p.  444 ; the  difference  gives  the 

amount  of  sodium.  , 

* If  ft  is  known  that  only  these  two  elements  are  present,  tne 

method  of  indirect  analysis  may  be  employed.  This  is  based  on  the 
fact  that  different  amounts  of  the  corresponding  compounds  of  the  two 
elements  are  required  in  order  to  react  with  equal  quantities  o 
another  substance.  Accordingly,  also,  they  yield  different  amounts  ot 
corresponding  compounds  when  they  are  transformed  together.  A 

few  examples  will  make  this  clear.  • 

Since  the  combining  weight  of  sodium  hydroxide  or  caustic  s 
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is  40 '06,  mid  that  of  caustic  potash  56  ‘15,  1 gin.  of  the  former  will 
require  1/40-06  lit.  or  24-97  cc.,  and  1 gm.  of  the  latter  will  require 
1/56"15  lit.  or  17 "80  cc.,  of  normal  acid  solution  for  complete  neutrali- 
sation (p.  187).  A mixture  of  the  two  hydroxides  will  require  an 
amount  intermediate  between  these  two.  In  1 gm.  of  the  mixture, 
let  there  be  x gm.  of  caustic  soda,  and  therefore  ( 1 - x)  gm.  of  caustic- 
potash,  then  the  quantity  of  acid  used  will  be  24"97a:  + 17  "80  (1  - x)  cc. 
If,  therefore,  the  quantity  of  acid,  S,  necessary  for  neutralisation  of 
the  mixture  is  determined,  the  magnitude  x may,  conversely,  be 
calculated.  For  from  the  equation  24’97a;  + 17"80  (l-.r)  = S,  there 
follows  x=(S-  17-80)/7'17. 

If,  for  example,  21 -40  cc.  acid  have  been  used,  there  follows 
a:  =0-502. 

* Similar  relations  hold  in  the  combined  transformation  into  other 
compounds.  For  example,  let  a mixture  of  the  two  chlorides  be  given, 
and  let  these  be  converted  into  the  corresponding  sulphates  by  evap- 
oration with  sulphuric  acid  and  strongly  heating.  The  ratio  of 
the  weights  2NaCl  : Na.2S04  would  then  be  equal  to  117-02  : 142-18, 
or  1:1-215,  while  in  the  case  of  potassium  the  ratio  would  be 
149-18  : 174'34  or  1 : 1T69.  If  from  1 gm.  of  an  unknown  mixture 
of  the  two  chlorides  the  weight  S of  the  mixed  sulphates  is  ob- 
tained, there  holds  the  equation  1 -215a:  + 1 ‘169(1  - x)  = S,  and  x — 
(S-  lT69)/0-046. 

If  we  denote,  generally,  a number  of  this  kind  which  corre- 
sponds to  the  reaction  of  the  sodium  salt  by  n,  and  by  Jc  the  corre- 
sponding number  for  the  potassium  salt,  while  S is  the  number  for  the 
mixture,  we  obtain  the  general  equation  x - (S  -~Jc)/(n  - Jc). 

Such  an  indirect  analysis  is  always  less  certain  than  a direct  one. 
This  is  due,  on  the  one  hand,  to  the  fact  that  the  supposition  must  be 
made  that  the  given  mixture  contains  only  the  two  substances  supposed, 
and  no  others  ; and,  on  the  other  hand,  to  the  fact  that  the  accuracy  of 
the  value  sought,  x,  is,  necessarily,  less  than  that  of  the  magnitude 
measured,  S,  while  in  the  case  of  direct  analysis,  the  two  magnitudes 
are  proportional  to  one  another,  and  have,  therefore,  the  same  degree 
of  accuracy.  In  other  words,  if  in  the  determination  of  potassium  as 
potassium  platinochloride,  an  error  of  y^-g-th  is  made  in  the  weight  of 
this  compound,  the  amount  of  potassium  calculated  from  it  will  also 
be  wrong  to  the  extent  of  j-g-g-th.  If,  however,  an  error  of  yg-g4h  is 
made  in  the  determination  of  S,  the  error  in  the  calculation  of  x will 
be  greater.  In  the  first  example,  it  amounts  to  4 per  cent,  in  the 
second  to  more  than  20  per  cent,  of  which  one  can  easily  convince 
oneself  by  performing  the  calculation.  This  is  due  to  the  fact  that 
the  magnitude  sought,  x,  is  proportional  not  to  the  measured  value,  S, 
but  to  the  difference  S - Jc,  as  the  formula  shows.  If,  for  example,  Jc  is 
half  as  great  as  S,  an  error  of  one  hundredth  in  S will  be  equal  to  an 
error  of  two  hundredths  in  S - Jc,  and,  accordingly,  the  determination 
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of  x will  be  erroneous  to  the  extent  of  two  hundredths  of  its  value. 
In  general,  the  relative  error  in  the  result  is  to  that  in  S as  S is  to 
S - k,  and  it  becomes  all  the  greater  the  smaller  the  differences  S - k, 

* The  practical  rules  for  the  choice  of  indirect  methods,  which  can 
be  deduced  from  the  above,  will  not  be  given  here ; on  the  contrary, 
it  may  be  left  to  the  student  to  think  these  out. 

Sodium  Hydroxide. — The  properties  of  this  important  compound 
have  already  been  described  ; along  with  caustic  potash,  it  forms  the 
type  of  a strong  base. 

Towards  water,  caustic  soda  behaves  in  the  same  way  as  caustic 
potash ; it  dissolves  with’  great  evolution  of  heat  to  form  a very  con- 
centrated solution,  from  which  a hydrate  2NaOH  + 7H00  separates 
out  in  the  cold.  On  evaporation  by  boiling,  the  solution  passes,  as  in 
the  case  of  caustic  potash,  into  the  fused,  anhydrous  compound ; the 
reason  of  this  behaviour,  which  differs  from  that  which  is  usual  in 
the  case  of  solutions  of  solid  substances,  is  the  same  as  in  the 
case  of  caustic  potash.  In  moist  air  caustic  soda  takes  up  water  and 
delicpiesces,  but  it  resolidifies  again  by  absorption  of  carbonic  acid 
much  more  quickly  than  deliquesced  caustic  potash,  because  the 
normal  sodium  carbonate  is  not  deliquescent  and  is  deposited  in  the 
solid  state. 

For  the  preparation  of  caustic  soda,  the  methods  given  on  p.  445 
can  be  repeated  almost  word  for  word.  It  is  now  obtained  by  electro- 
lysis from  sodium  chloride  or  common  salt,  whereas,  formerly,  it  ivas 
almost  exclusively  obtained  by  the  decomposition  of  sodium  carbonate 
with  lime. 

If  it  is  a question  of  obtaining  small  quantities  of  sodium  hydroxide 
for  laboratory  purposes,  we  may  start  with  metallic  sodium  and  decom- 
pose this  with  water.  One  of  the  simplest  methods  of  preparing  it  is  to 
place  metallic  sodium  (best  in  the  form  of  wire  or  of  ribbon)  in  a dish 
of  platinum  or  of  silver  standing  in  a desiccator  containing  water. 
The  sodium  decomposes  the  water  vapour  and  is  converted  into  caustic 
soda,  while  the  hydrogen  escapes.  The  desiccator  must,  therefore,  be 
furnished  with  a tube  which  allows  the  hydrogen  to  pass  out  without 
allowing  the  atmospheric  carbonic  acid  to  enter.  For  this  purpose  a 
tube  filled  with  soda  lime,  i.e.  a mixture  of  caustic  soda  and  lime, 
is  used. 

It  can  also  be  prepared  by  pouring  water  over  sodium  amalgam. 
The  decomposition  of  the  latter  takes  place  slowly  and  with  modera- 
tion, especially  after  some  caustic  soda  has  been  formed,  and  a dilute 
solution  of  very  pure  caustic  soda  is  thus  obtained.  If  it  is  desired  to 
have  it  free  from  carbonic  acid,  care  must  be  taken  that  the  carbonic 
acid  which  is  usually  present  in  distilled  water  is  previously  removed. 

Lastly,  a very  pure  solution  of  caustic  soda  can  be  obtained  by  the 
decomposition  of  sodium  sulphate  solution  with  barium  h)  droxide. 
The  small  quantities  of  the  latter  which  dissolve  in  the  soda  solution 
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arc  removed  by  the  addition  of  the  necessaiy  amount  of  sodium 
sulphate  solution. 

In  the  decomposition  of  water  by  sodium,  a considerable  amount 
of  heat,  viz.  183  kj,  is  evolved.  From  the  corresponding  equation  of 
reaction,  the  heat  of  formation  of  dissolved  caustic  soda  is  found  to  be 
468  kj.  Since  in  the  neutralisation  of  caustic  soda  with  a strong  acid 
further  57  kj  are  evolved  (p.  200),  the  heat  of  solution  of  sodium  in 
such  an  acid  is  greater  by  this  amount  than  in  water,  viz.  240  kj. 
According  to  the  statements  made  on  p.  201,  the  same  number  gives 
the  heat  of  formation  of  sodion  from  the  metal,  so  that  we  have  the 
equation  Na  + aq.  = Na  ' aq.  + 240  kj.  This  value  is  somewhat  less  than 
for  potassium,  but  the  difference  is  slight. 

By- adding  the  heat  of  formation  of  sodion,  240  kj,  to  that  of  any 
anion,  the  heat  of  formation  of  the  corresponding  salt  in  aqueous 
solution  is  obtained. 

As  in  the  case  of  caustic  potash,  the  reactions  of  caustic  soda  are 
chiefly  due  to  hydroxidion ; to  this  extent,  therefore,  they  are  identical 
with  those  of  caustic  potash.  As  a matter  of  fact,  both  hydroxides 
are  used  in  the  laboratory  without  distinction  so  long  as  we  are  deal- 
ing with  hydroxidion  reactions,  i.e.  with  the  action  of  basic  properties. 
This  is  also  the  case  in  the  arts ; in  this  case,  the  price  alone  deter- 
mines the  choice.  Formerly,  caustic  soda  was  considerably  cheaper 
than  caustic  potash,  but  at  the  present  time  the  difference  is  less. 

Sodium  Peroxide. — If  sodium  is  heated  in  dry  air  it  burns 
to  a heavy,  yellowish  powder,  the  composition  of  which  is  represented 
by  the  formula  NaO  or  Na202.  With  regard  to  the  molar  weight 
of  this  substance,  nothing  is  known ; on  account  of  its  relation 
to  hydrogen  peroxide,  the  formula  Na.,02  has  a certain  amount  of 
probability. 

This  compound,  which  is  called  sodium  peroxide,  dissolves  in  water, 
yielding  a liquid  with  alkaline  reaction  which  exhibits  the  reactions 
of  hydrogen  peroxide. 

Dissolution,  however,  without  decomposition  can  scarcely  be 
effected ; usually  a certain  amount  of  oxygen,  depending  on  the 
conditions  of  experiment,  is  evolved  at  the  same  time ; the  amount 
is  all  the  smaller,  the  more  local  heating  is  avoided. 

It  may  therefore  be  assumed  that  the  reaction  can  be  expressed 
for  the  most  part  by  the  equation  Na.,0.,  + 2Ho0  = H202  + 2NaOH. 
The  two  substances,  caustic  soda  and  hydrogen  peroxide,  do  not, 
however,  exist  together  independently,  but  chemical  union  takes  place 
which  probably  leads  to  the  formation  of  a certain  amount  of  sodium 
peroxide.  This  amount  will  be  dependent  on  the  temperature  and 
the  concentration;  with  regard  to  its  actual  amount  there  are  no  exact 
determinations. 

The  solution  of  sodium  peroxide  is  used  for  oxidation  purposes  in 
place  of  hydrogen  peroxide,  especially  in  the  bleaching  of  textile 
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goods.  The  compound  is,  therefore,  prepared  on  a large  scale  by  i 
exposing  sodium  in  vessels  of  aluminium  to  the  action  of  dry  air  free  i 
from  carbonic  acid.  By  suitable  arrangements,  based  on  the  principle  , 
of  counter-currents,  too  great  an  elevation  of  temperature,  by  which 
the  vessels  would  suffer,  is  avoided. 

In  the  dry  state,  also,  sodium  peroxide  acts  as  a very  powerful 
oxidising  agent.  In  contact  with  it,  carbonaceous  substances  readily 
ignite  spontaneously,  so  that  in  working  with  it  the  presence  of  organic 
substances  must  be  avoided. 

The  excess  of  energy  which  is  present  in  sodium  peroxide  can  be 
used  for  obtaining  metallic  sodium  by  instituting  a suitable  “ coupled  ” 
reaction  (p.  203).  If  the  substance  is  mixed  with  rather  more  than  a 
tenth  of  its  weight  of  dry  charcoal  and  heated,  a violent  reaction  occurs 
whereby  sodium  carbonate  is  formed  and  metallic  sodium  distils  over: 
3Na.,0.,  + 2C  = 2Na2C03  + 2Na.  This  is  one  of  the  simplest  methods 
of  showing  on  a small  scale  the  formation  of  metallic  sodium  from  one 
of  its  compounds. 

Sodium  Chloride. — The  most  widely  distributed  of  all  the  sodium 
salts  is  the  chloride,  which,  as  common  salt,  is  the  type  of  the  salts,  i 
In  nature  it  occurs  both  in  the  solid  state,  as  rock-salt,  and  in  solution. 
The  water  of  the  ocean,  more  especially,  contains  as  chief  secondary 
constituents,  chloridion  and  sodion,  i.e.  common  salt.  The  concen- 
tration of  the  dissolved  sodium  chloride  differs  somewhat  in  the 
different  seas ; in  the  Baltic  Sea  it  is  very  small,  in  the  Mediterranean 
it  is  comparatively  great.  This  depends  on  the  relation  between  the 
inflow  of  Avater  and  the  loss  by  evaporation.  If  the  infloAV  of  the 
rivers,  which  contain  much  less  sodium  chloride  than  the  Avater  of  the 
sea,  exceeds  the  evaporation,  a more  dilute  solution  is  produced ; this  is 
the  case  in  the  Baltic  Sea.  On  the  other  hand,  if  the  eA’aporation 
preponderates,  the  remaining  liquid  becomes  more  and  more  con- 
centrated. This  is  the  case  to  a certain  extent  in  the  Mediterranean ; 
a specially  good  example  of  this  state  of  matters  is  furnished  by 
the  Dead  Sea,  in  which  the  salt  concentration  approaches  almost  to 
saturation. 

The  average  amounts  of  salt  contained  in  100  parts  of  sea-water 


are  : — 

Dead  Sea  . . • • • 22 ’0 

Mediterranean  . . • • . 3'8 

Atlantic  Ocean  . . • • . 3'6 

Baltic  Sea  . . • • . 0’5 


Where  the  evaporation  greatly  predominates,  the  common  salt  is 
ultimately  deposited  in  the  crystalline  state,  and  forms  beds  of  rock- 
salt.  This  salt  is  frequently  not  pure,  but  is  mixed  Avith  other 
substances  which  Avere  present  in  the  water. 

If  the  water  Avhicli  Aoavs  through  the  soil  comes  into  contact  with 
strata  containing  salt,  it  dissolves  the  latter  and  then  appears  as  salt 
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springs. 


From  these,  the  sodium  chloride  is  obtained  by  evaporating 
the  water.  In  order  to  save  a part  of  tho  firing,  the  brine  is  allowed 
to  trickle  over  high  stacks  of  brushwood  in  order  that  as  large  a 
portion  as  possible  of  the  water  may  be  removed  by  free  evaporation 
in  the  air.  Since  the  brine  thereby  increases  in  concentration  (which 
is  measured  in  “degrees”  (Lat.  gradus)  of  the  hydrometer),  this  process 
is  called  “graduation.”  In  this  way  the  concentration  can  be  increased 
only  to  a limited  amount,  since  the  vapour  pressure  of  the  salt  solution 
diminishes  as  the  solution  becomes  more  concentrated.  As  is  evident 
the  result  also  depends  on  the  relative  humidity  of  the  air. 

In  ordinary  circumstances,  sodium  chloride  crystallises  in  colourless 
and  transparent  cubes  belonging  to  the  regular  system.  Chance  colora- 
tions of  rock-salt  often  occur  owing  to  impurities;  a red  coloration, 
produced  by  oxide  of  iron,  is  especially  frequent. 

The  density  of  pure  sodium  chloride  amounts  to  2T5.  The  re- 
fraction and  dispersion  of  light  are  small.  A special  property  of  rock- 
salt  is  its  transparency  for  rays  of  long  wave  length  lying  beyond 
the  red.  By  reason  of  this  behaviour,  it  differs  greatly  from  other 
substances.  Whereas  glass,  for  example,  is  just  as  permeable  for  the 
visible  rays  as  rock-salt  is,  and  appears,  therefore,  just  as  transparent, 
it  behaves  as  an  opaque  substance  towards  rays  of  long  wave  length, 
and  absorbs  them,  converting  them  into  heat. 

At  775°  sodium  chloride  melts,  and  at  the  same  time  it  begins  to 
volatilise  appreciably. 

In  water,  sodium  chloride  readily  dissolves.  At  room  temperature, 
the  saturated  solution  contains  36  parts  of  salt  to  100  parts  of  water, 
and  at  the  temperature  of  boiling,  39  parts  of  salt,  or  oidy  a little 
more.  It  has  already  been  described  (p.  462)  how  this  property  is 
made  use  of  in  the  separation  of  common  salt  from  other  salts  whose 
solubility  changes  greatly  with  the  temperature. 

The  solution  of  sodium  chloride  exhibits  the  reactions  of  chloridion 
and  of  sodion.  It  has  a pure  saline  taste,  and  the  higher  animals  all 
experience  the  need  of  taking  in  larger  or  smaller  amounts  of  common 
salt  with  their  food.  This  is  seen  most  markedly  in  the  case  of  the 
herbivora.  Localities  where  common  salt  can  be  obtained  are  eagerly 
sought  out,  often  at  the  risk  of  their  life,  by  stags,  roe-deer,  and  similar 
animals.  Carnivorous  animals  exhibit  a much  less  desire  for  salt. 
This  is  connected  with  the  fact  that  with  the  vegetable  food  relatively 
large  amounts  of  potassium  salts  are  introduced  into  the  body,  Avhereby 
the  secretion  of  sodium  is  greatly  promoted  and  a necessity  for  its 
replacement  caused.  In  the  case  of  animal  food,  however,  the  two 
elements  are  taken  up  in  the  proportions  proper  to  the  animal 
organism. 

In  the  case  of  the  vertebrate  animals,  the  sodium  compounds  occur 
chiefly  in  the  blood  plasma  and  in  the  fluids  of  the  body,  while  the 
potassium,  as  already  mentioned,  collects  in  the  blood  corpuscles. 
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Prom  aqueous  solutions  of  sodium  chloride  the  well-known  cubical 
crystals  of  the  anhydrous  salt  separate  out  at  temperatures  above  - 2 J, 
Owing  to  the  usually  bad  formation  of  these  crystals,  they  enclose 
some  mother  liquor,  so  that  when  heated  they  give  off  small  amounts  of 
water.  On  being  heated,  the  enclosed  water  is  converted  into  vapour, 
the  pressure  of  which  increases  as  the  temperature  rises  until  it 
becomes  so  great  that  the  pieces  of  salt  enclosing  the  liquid  are 
shattered,  whereby  a crackling  noise  is  produced.  Having  once  under- 
gone this  treatment,  the  salt  remains  quiet  on  being  again  heated. 

From  concentrated  solutions  of  sodium  chloride  at  lower  tempera- 
tures, a hydrated  salt  of  the  formula  NaCl  + 2H20  separates  out  in 
monoclinic  crystals.  These  are  stable  only  up  to  - 2° ; if  heated 
above  this  temperature,  they  melt  and  form  a liquid  from  which  the 
anhydrous  salt  immediately  separates  out  in  the  form  of  small  cubes. 

* Even  at  the  room  temperature,  these  hydrated  crystals  are 
produced  as  an  unstable  form,  when  a solution  of  common  salt  is  spread 
out  in  a thin  layer  on  a glass  plate  and  caused  to  evaporate  rapidly  by 
blowing  on  it.  Under  these  circumstances,  the  separation  of  oblique 
crystals  can  be  observed  with  a low  power  of  the  microscope ; in  a 
short  time  the  ordinary  cubes  of  common  salt  appear  here  and  there, 
and  these  absorb  the  former  crystals. 

Common  salt  is  used  not  only  in  food,  but,  being  the  most  widely 
distributed  salt  of  sodium,  it  is  used  as  the  starting-point  in  the 
preparation  of  metallic  sodium  and  of  all  other  sodium  compounds. 
Some  of  its  transformations  have  already  been  mentioned  ; others  will 
be  discussed  presently. 

Sodium  Bromide  and  Sodium  Iodide  are  similar  to  sodium 
chloride,  only  more  soluble  than  the  latter.  At  lower  temperatures, 
both  form  hydrated  crystals  with  2H,0  of  crystallisation,  isomorphous 
with  those  of  the  hydrated  sodium  chloride.  The  temperature,  how- 
ever, at  which  they  melt  and  pass  into  the  anhydrous  salts  and  the 
saturated  solution  of  these,  is  higher.  In  the  case  of  sodium  bromide 
the  conversion  takes  place  at  50°,  in  the  case  of  sodium  iodide  at  67  . 

On  investigating  the  solubility  of  these  salts  in  water,  and  its 
change  with  the  temperature,  the  relations  are  found  which  are  repre- 
sented in  Fig.  107.  The  curve  marked  NaBr  + 2H20  refers  to  the 
hydrated  sodium  bromide,  that  marked  NaBr  to  the  anhydrous  salt. 
Similarly  for  the  two  forms  of  sodium  iodide.  As  can  be  seen,  each 
of  the  two  forms  has  its  own  solubility  curve,  which  is  independent  of 
the  other.  The  point  where  the  two  curves  cut  is  the  point  where 
the  two  forms  can  exist  along  with  the  saturated  solution.  This  is 
the  same  temperature  at  which  the  hydrated  crystals  commence  to 

melt.  . 

From  this  it  follows  that  each  form  of  the  salt  has  its  own  solu- 
bility, and  that  the  two  forms  have  the  same  solubility  at  the  tempera- 
' ture  at  Avhich  they  change  into  one  another.  In  this  respect,  there- 
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fore,  salts  with  different  amounts  of  water  of  crystallisation  behave 
like  the  different  forms  of  allotropic  substances  (p.  259). 

As  the  diagram  shows,  the  solubility  curves  are  both  produced 
beyond  the  point  of  intersection.  This  signifies  that  the  transition 
does  not  necessarily  occur  here  any  more  than  in  the  case  of  the 
transition  of  allotropic  forms,  but  that  on  both  sides  there  may  be 
supersaturation.  An  examination  of  the  diagram  also  teaches  that 
the  less  stable  form  has  always  a greater  solubility  than  the  more 
stable,  so  that  a solution  saturated  in  respect  of  the  unstable  form, 


on  being  brought  into  contact  with  “ nuclei,”  i.e.  already  formed 
crystals,  of  the  stable  form,  will  deposit  solid  salt  in  this  form  ; the 
solution  is,  therefore,  supersaturated  with  respect  to  this  form. 

If,  for  example,  a saturated  solution  of  anhydrous  sodium  bromide 
is  made  at  30°,  and  crystals  of  the  hydrated  salt  are  introduced  into 
it,  the  latter  will  grow  and  the  residual  solution  will  exhibit  the  smaller 
concentration  which  belongs  to  this  form.  On  the  other  hand,  a solu- 
tion of  the  hydrated  salt,  saturated  at  30°,  will  be  found  to  be  un- 
saturated with  respect  to  the  anhydrous  salt,  i.e.  it  will  be  able  to  dis- 
solve certain  quantities  of  this  salt.  The  presence  of  the  hydrated 
salt  must,  however,  be  most  carefully  avoided,  for  excessively  small 
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quantities  of  this  are  sufficient  to  cause  the  separation  of  that  form. 

If,  however,  the  anhydrous  salt  is  heated  immediately  before  the  ex- 
periment, all  hydrated  salt  is  destroyed,  and  the  salt  can  be  dissolved 
without  fear. 

The  above  discussion  holds  universally.  It  shows  that  we  mayt, 
speak  of  the  solubility  of  a salt  or,  generally,  of  a solid  substance,  only . : 
when  we  state  the  form  which  is  in  equilibrim  with  the  solution.  In 
general,  every  form  has  its  own  solubility,  and  the  point  at  which  the 
solubility  of  the  two  forms  becomes  equal,  is  the  transition  point  of  the 
one  form  into  the  other. 

Conversely,  every  curve  representing  the  change  of  solubility  with 
the  temperature  is,  for  each  form,  continuous.  If  a break  in  the  solu- 
bility curve  is  observed,  this  is  a certain  proof  that  the  solid  substance 
which  is  in  equilibrium  with  the  solution  has  passed  into  another  form 
at  the  temperature  of  the  break. 

Sodium  Bromate. — The  pure  compound  is  of  no  special  interest. 
Mixed  with  sodium  bromide,  in  which  condition  the  salt  is  obtained  1 
from  bromine  and  caustic  soda  (GNaOH  + 3Br,  = NaBr03  + 5NaBr + 
3H,,0),  it  constitutes  a reagent  which  is  used  for  liberating  a known 
quantity  of  bromine  in  solution.  On  acidifying  the  mixture,  the  same  •; 
amount  of  bromine  is  set  free  as  was  used  in  the  preparation  of  the 
mixture.  The  reaction  can  be  expressed  by  the  equation  HBrO.{  + 
5HBr  = 3H,0  + 3Br.„  or,  writing  the  ions,  Br03'  + 5Br'  + 6H'  = 
3H.70  + 3Br.,.  The  mixture  is  obtained  by  adding  bromine  to  caustic 
soda  until  the  colour  of  the  former  is  permanent,  and  then  evaporating  . 
the  solution ; the  excess  of  bromine  is  hereby  driven  off. 

Sodium  Chlorate. — In  contradistinction  to  potassium  chlorate,  .> 
sodium  chlorate  is  a salt  which  is  very  abundantly  soluble  in  water. 
At  the  present  time,  therefore,  when  the  method  of  preparing  it  on  a 
manufacturing  scale  has  become  known,  this  salt  is  employed  in  many 
cases  in  which  chloranion  is  used  on  account  of  its  oxidising  action, 
and  where  a more  concentrated  solution  is  desired  than  can  be  attained  . 
with  potassium  chlorate.  It  is  obtained  in  a similar  manner  to 
potassium  chlorate.  It  forms  finely  crystallised  cubes  and  other  forms  ■ 
of  the  regular  system,  and  these  have  the  property  of  rotating  the 
plane  of  polarised  light  in  a manner  similar  to  quartz.  Whereas, 
however,  the  latter  exhibits  this  phenomenon  in  a regular  manner 
only  when  the  light  passes  through  the  crystal  parallel  to  the  chief 
axis,  sodium  chlorate  rotates  the  plane  of  polarised  light  by  equal 
amounts,  no  matter  what  the  direction  of  the  ray  in  the  crystal  is. 
This  is  a consequence  of  the  fact  that  these  crystals  belong  to  the 
regular  system,  while  those  of  quartz  are  hexagonal. 

° Sodium  Nitrate. — This  salt,  which  crystallises  anhydrous  in  large 
rhombohedra,  melting  at  320°,  is,  at  the  present  day,  the  most  im- 
portant of  the  compounds  of  nitric  acid.  It  is  found  in  large  ! 
quantities  in  Chili.  Since  no  rain  falls  in  those  districts,  it  has  i 
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been  possible  for  this  salt  to  be  preserved.  How  it  has  been  formed 
i can,  as  yet,  not  be  stated  with  certainty  or  probability ; the  constant 
presence  in  it  of  iodine  compounds  in  the  form  of  sodium  iodate, 
speaks  in  favour  of  its  formation  from  the  salts  of  sea-water.  It  is, 
however,  still  a mystery  what  conditions  existed  to  produce  such  a 
powerfully  oxidising  effect  that,  along  with  the  nitrate,  the  iodine 
should  have  passed  into  the  iodate,  and  even  a portion  of  the  chlorine 
into  perchlorate  (which  is  also  found  in  Chili  saltpetre  under  certain 
1 circumstances  to  the  extent  of  several  per  cent).  We  may,  perhaps, 
, suppose  that  at  the  time  of  the  formation  of  this  salt  some  cause  was 
: active  by  which  unusually  large  amounts  of  ozone  were  produced  ; the 
• action  of  this  would  render  the  formation  of  these  highly  oxidised 
t substances  from  any  sodium  compounds  present,  intelligible. 

The  crude  sodium  nitrate  is  mixed  with  earth  and  clay,  and  is 
: purified  by  a simple  process  of  crystallisation.  The  purification  can 
be  easily  and  successfully  carried  out  by  this  method,  since  the  solu- 
bility of  this  salt  changes  very  greatly  with  the  temperature,  as  can 
be  seen  from  the  following  table : — 


Solubility  of  Sodium  Nitrate. 


Temperature. 

100  gm.  water  dissolve — 

-6° 

68 -8  gm.  of  NaNO., 

0° 

72-9 

J } 

+ 20° 

87-5 

40° 

102 

60° 

122 

80° 

148 

100° 

180 

j y 

110° 

200 

i i 

Sodium  nitrate  is  used  in  large  quantities  for  manuring  pur- 
poses ; it  forms  the  most  important  artificial  nitrogen  manure  for 
cultivated  plants,  and  its  application  is  limited  only  by  the  price. 

SinThe  nitrogen  is  most  easily  available  for  the  plant  in  the  form  of 
nitranion,  and  this  manure  has,  therefore,  the  quickest  action.  Since, 
however,  the  soil  does- not  retain  this  substance,  as  it  does  potash, 
-phosphoric  acid,  and  ammonia,  the  manuring  with  Chili  saltpetre  must 
‘ be  carried  out  immediately  before  the  time  when  the  plant  requires 
1 the  nitrogen. 

Sodium  nitrate  is  further  used  in  large  quantities  for  the  prepara- 
tion of  nitric  acid  (p.  318)  and  for  conversion  into  potassium  nitrate 
q>.  462).  It  is  also  used  in  the  preparation  of  nitro-compounds ; for 
ishis  purpose,  the  nitric  acid  is  not  first  prepared  from  the  salt,  but  a 
mixture  of  sodium  nitrate  and  sulphuric  acid,  which  on  distillation 
*vould  give  nitric  acid,  is  directly  employed.  Lastly,  a considerable 
oortion  of  the  salt  is  converted  into  sodium  nitrite,  which  is  employed 
i!  n enormous  quantities  in  the  preparation  of  artificial  dyes. 

Sodium  nitrate  cannot  be  used  in  place  of  potassium  nitrate  for 
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the  preparation  of  gunpowder  and  blasting  powder,  because  the 
powders  made  from  it  become  moist. 

Sodium  Nitrite. — At  the  present  day,  sodium  nitrite  is  manu-  j 
factured  and  used  in  large  quantities  in  place  of  potassium  nitrite,  ; 
from  which  it  differs  in  the  ease  with  which  it  can  be  prepared  pure. 1 
It  is  a very  soluble  salt  with  a feebly  alkaline  reaction ; when  treated  1 
with  acids,  it  evolves  red  fumes  of  the  oxides  of  nitrogen  (p.  329).  It 
is  obtained,  similarly  to  potassium  nitrite  (p.  464),  by  heating  sodium 
nitrate  with  metallic  lead. 

Sodium  Sulphate. — The  normal  sodium  sulphate,  Na2S04,  is  well 
known  in  the  form  of  hydrated  crystals  of  the  composition  Na2S04  + 
10H.,O,  by  the  name  of  Glauber’s  salt.  It  received  its  name  from 
Glauber  (born  about  the  year  1640),  a physician  and  chemist,  who 
introduced  it  as  a drug ; he  ascribed  to  it  great  healing  power,  and 
gave  it  the  name  “ sal  mirabile.”  Its  action  on  the  human  organism 
consists  essentially  in  the  fact,  that  when  it  gets  into  the  intestines,  . 
it  makes  their  contents  more  watery  and  thereby  facilitates  the 
evacuation. 

-f  This  action  arises  from  the  fact  that  the  walls  of  the  intestines  >j 
offer  considerable  hindrance  to  the  diffusion  of  Glauber’s  salt.  The 
equalisation  of  concentrations,  the  tendency  towards  which  is  exerted  i 
under  all  circumstances,  cannot,  in  this  case,  be  accomplished  by  the 
dissolved  substance  mixing  with  the  body  fluids,  but,' on  the  contrary,  J 


water  must  pass  from  the  latter  into  the  intestine. 

* From  this  it  follows  that  all  other  salts  which  have  the  same « 
property  of  not  passing  through  the  intestinal  walls,  and  which  do  not ; 
exert  any  other  actions  on  the  organism,  must  also  behave  in  the  same  i 
way.  This  is,  indeed,  the  case ; magnesium  sulphate  (Epsom  salts) 
acts  in  exactly  the  same  way  as  Glauber’s  salt. 

The  solubility  relations  of  sodium  sulphate  are  rather  complicated, 

and  are  represented  in 
Fig.  108.  Three  differ- 
ent solubility  curves  can 
be  distinguished,  belong- 
ing to  three  different 
forms  of  the  salt.  Of 
these  forms,  one,  stable 
at  higher  temperatures, 
is  anhydrous ; at 
medium  temperatures, 
ordinary  Glauber’s  salt 
with  IOH.,0  of  crystalli- 
sation, is  stable ; besides 
these,  an  unstable  salt 
can  be  obtained  at  lower  temperatures  containing  7 H.,0  of  crystal- 
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On  following  the  curves  in  Fig.  108  from  right  to  left,  we  have,  in 
the  first  place,  the  curve  of  the  anhydrous  salt,  marked  o,  which,  in 
contrast  with  the  behaviour  of  most  salts,  ascends  as  it  passes  in  the 
direction  of  lower  temperatures.  The  fact  that  the  solubility  of  the 
salt  diminishes  with  rising  temperature,  is  connected  with  the  other 
fact  that  the  salt  dissolves  in  its  almost  saturated  solution,  with 
evolution  of  heat,  or,  absorption  of  heat  occurs  when  it  separates  out 
from  a supersaturated  solution  (p.  216). 

The  curve  of  the  anhydrous  salt  can  be  followed  downwards  to 
about  20°.  From  32°  downwards,  however,  the  solutions  are  super- 
saturated with  respect  of  the  ordinary  Glauber’s  salt  with  10H.,O,  and 
they  can  therefore  be  obtained  only  when  the  presence  of  this  latter 
salt  is  strictly  avoided.  This  requires  some  care ; for,  as  we  shall  see 
presently,  the  salt  is  everywhere  present  in  dust. 

At  32°,  the  curve  of  the  anhydrous  salt  is  cut  by  the  solubility 
curve  of  Glauber’s  salt  (marked  with  10);  at  this  point,  therefore, 
both  salts  can  exist  along  with  the  solution,  since  at  this  point  the 
saturated  solutions  contain  the  same  amount  of  salt.  This  state  is 
most  easily  obtained  by  heating  Glauber’s  salt  to  32°.  It  appears 
then  to  undergo  fusion.  We  are  here  dealing,  however,  with  a more 
complicated  process,  for  the  liquid  does  not  have  the  same  composition 
as  the  solid  Glauber’s  salt,  but  contains  more  water.  This  is  due  to 
the  fact  that  anhydrous  salt  separates  out  at  the  same  time ; for  this 
reason,  the  salt  does  not  pass  into  a clear  liquid,  no  matter  how  long 
it  is  heated,  but  forms,  after  the  Glauber’s  salt  has  disappeared,  a paste 
of  anhydrous  salt  and  saturated  solution. 


The  solubility  curve  of  Glauber’s  salt  with  10H.,O,  can  be 
followed  downwards  to  somewhat  below  0°.  The  solubility  of  the 
salt  diminishes  very  rapidly  as  the  temperature  falls,  so  that  at  0°  the 
liquid  contains  only  0'05  of  sodium  sulphate  (calculated  as  anhydrous 
salt). 

So  far  as  we  have  yet  considered  the  relations,  we  are  dealing  with 
two  independent  solubility  curves,  of  which  the  one  belongs  to  the 
anhydrous  salt,  the  other  to  the  salt  with  10HoO.  The  present  case 
is  distinguished  from  that  of  sodium  bromide  and  sodium  iodide  only 
b}’  the  fact  that  one  of  the  curves  slopes  downwards,  while  in  the 
case  of  the  latter  salts,  both  curves  slope  upwards. 

It  has  to  be  specially  noted  that  the  break  in  the  solubility  curve 
at  32  is  due  solely  to  the  fact  that  the  solid  phase  in  the  solution 
equilibrium  changes  at  this  temperature.  It  was  formerly  thought 
that  something  special  took  place  in  the  solution  at  this  temperature 
such  as,  say,  that  below  32°  the  salt  was  dissolved  in  a hydrated  form' 
above  that  temperature,  in  an  anhydrous  form ; even  now,  such  un- 
founded views  are  sometimes  met  with.  However,  on  investigating 
the  properties  of  the  solution  at  its  passage  through  this  point,  no  sort 
of  break  was  found,  and  so  far  as  the  solution  is  concerned,  this 
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temperature  is  in  no  way  distinguished  from  other  temperatures.  The 
only  thing  that  changes  at  this  temperature  is  the  nature  of  the  solid  I 
salt,  and  this  is  the  all-sufficient  reason  for  the  occurrence  of  the  new 
solubility  curve. 

The  phenomena,  now,  become  somewhat  more  complicated  from  the  ' 
fact  that  solutions  can  be  fairly  easily  prepared  which  are  consider- 
ably supersaturated  with  respect  to  the  salt  with  10H2O.  Indeed,  the 
phenomenon  of  supersaturation  has  in  no  case  been  studied  more  fully  . 
than  in  the  case  of  Glauber’s  salt. 

Such  supersaturated  solutions  are  obtained  by  heating  Glauber’s  - 
salt  with  half  its  weight  of  water  until  all  solid  particles  have  dis- 
appeared, closing  the  vessel  and  allowing  it  .to  cool  down.  The  stopper 
does  not  require  to  be  air-tight  but  only  dust-tight ; a plug  of  cotton- 
wool, for  example,  is  therefore  sufficient.  If  this  is  removed,  after  the 
solution  has  cooled  down,  crystallisation,  as  a rule,  commences  at  once. 
This  is  due  to  the  fact  that  Glauber’s  salt  is  extremely  widely  dis- 
tributed in  the  dust  of  towns,  being  formed  from  the  compounds  of  : 
sodium  everywhere  present  (p.  47  2),  and  the  sulphurous  acid  which  is  ■ 
produced  in  the  combustion  of  coal,  and  is  derived  from  the  sulphur  : 
therein  contained.  If  the  experiment  is  carried  out  in  the  country  far 
from  such  sources  of  dust  containing  Glauber’s  salt,  the  crystallisation  I 
can  also  be  excluded.  Since  it  was  for  long  not  believed  that  this  was  - 
the  cause  of  the  “ spontaneous  ” crystallisation  of  Glauber’s  salt,  the 
crystallisation  of  the  supersaturated  solution  appeared  as  something  : 
peculiar  and  mysterious.  By  working  with  other  substances,  however, 
which  do  not,  or  only  rarely,  occur  in  the  dust,  one  can  convince  one- 
self that  in  general  supersaturated  solutions  possess  a great  stability, 
and  that  it  is  only  towards  nuclei  of  their  own  solid  substance  that  they 
are  unstable. 

* The  amounts  of  solid  substance  which  give  rise  to  crystallisation, 
are  small  but  not  immeasurably  so.  The  limit  lies  about  one  millionth  i 

of  a milligram.  f 

On  cooling  down  a supersaturated  solution  of  Glaubers  salt  to  » 
about  5°,  other  crystals  make  their  appearance,  Avhich  have  the  com- 
position Na2S04  + 7H20,  and  whose  solubility  curve  is  also  given  in 
Fffi.  108.  "Throughout  its  whole  course,  this  curve  lies  above  the  t 
curve  of  the  salt  with  10H2O,  from  which  it  follows  that  the  solutions 
saturated  with  the  salt  7,  are  always  supersaturated  with  respect  to  (j 
the  salt  10.  If,  therefore,  some  of  the  salt  10  is  introduced  into  a 
system  composed  of  salt  7 along  with  solution,  the  solution  will,  m 
the  first  place,  deposit  salt  until  the  point  of  saturation  with  respect  ot 
10  is  reached,  i.e.  the  concentration  of  the  solution  will  reach  that 
point  on  the  curve  10  which  lies  below  the  former  point  on  curve  t. 
Such  a solution,  however,  is  unsaturated  with  respect  to  7 ; conse- 
quently, this  salt  must  dissolve.  The  solution  thereby  again  becomes  - 
supersaturated  with  respect  to  10,  and  this  separates  out  lhis  ev 
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dently  goes  on  until,  finally,  all  the  salt  7 has  disappeared  and  is 
replaced  by  1 0. 

It  may  be  asked,  why  does  the  unstable  salt  7 separate  out  first  at 
all,  since,  of  course,  the  solution  could  give  the  stable  salt  10  directly. 
The  answer  is  to  be  found  in  the  universal  rule  that  the  less  stable 
forms  first  appear  (p.  207). 

Finally,  if  the  solution  be  cooled  down  to  about  - 15°,  Glauber’s 
salt  separates  out  spontaneously  from  it  and  supersaturation  ceases, 
and  this  too  without  a nucleus  of  the  solid  salt  being  necessary.  The 
region  in  which  the  separation  does  not  occur  without  such  a nucleus, 
can  be  distinguished  as  the  metastable  region,  from  that  region,  the 
unstable  region,  in  which  separation  takes  place  without  a nucleus. 
Every  case  of  supersaturation  leads,  in  the  first  place,  into  the  meta- 
stable region,  and  from  this  then  into  the  unstable.  The  limits  of  the 
two  regions  are,  however,  difficult  to  fix. 

The  crystals  of  Glauber’s  salt  effloresce  in  the  air,  i.e.  they  lose 
i water  and  become  converted  into  a fine  white  powder  of  anhydrous 

- salt.  The  cause  of  this  is  that  the  vapour  pressure  of  Glauber’s  salt 
| (or,  more  exactly,  of  a mixture  of  Glauber’s  salt  and  anhydrous  salt)  is 

greater  than  the  mean  vapour  pressure  of  the  water  in  the  air  (p.  122), 

• so  that  the  salt  must  lose  water  and  pass  into  anhydrous  salt. 

* On  the  basis  of  this  remark,  the  objection  may  be  made  to 

the  explanation  of  the  crystallisation  of  supersaturated  solutions  of 
Glauber’s  salt  by  dust,  that  according  to  the  above  statement  there 
can  be  no  Glauber’s  salt  present  in  the  dust,  but  only  effloresced 
Glauber’s  salt,  i.e.  anhydrous  salt.  This  is  so  ; nevertheless,  experi- 
ment shows  that  even  effloresced  Glauber’s  salt  can  also  effect  the 
crystallisation  of  the  supersaturated  solutions,  and  loses  this  property 
only  when  it  has  been  heated.  In  the  effloresced  salt  at  the  ordinary 
temperature,  then,  there  are  apparently  sufficient  traces  of  unchanged 
Glauber’s  salt  present  to  bring  about  crystallisation.  Or,  there  is  pro- 
duced on  efflorescence,  a form  of  the  salt  which  in  contact  with  the  solu- 
tion immediately  gives  Glauber’s  salt,  a behaviour  which  the  anhydrous 
salt  certainly  does  not  show,  after  it  has  been  heated.  Which  of  these 
I two  possibilities  corresponds  to  the  truth,  has  not  yet  been  determined. 
Intact  crystals  of  Glauber’s  salt  can  be  kept  in  dry  air  without 
efflorescing ; if,  however,  efflorescence  has  once  begun  at  any  point,  it 

• spreads  out  from  that  point,  and  this  it  does  in  accordance  with  a law 
which  is  determined  by  the  crystalline  form  of  the  efflorescing  salt 
(p.  265).  We  have  here  again  a phenomenon  of  the  nature  of  super- 
saturation, which  can  be  removed  only  by  the  presence  of  a further 
phase.  Applying  the  phase  law  to  this  case,  we  obtain  the  following : 
Since  the  given  system  consists  of  two  components,  sodium  sulphate 

iand  water,  the  sum  of  phases  and  degrees  of  freedom  is  4.  If 
1J  hydrated  salt  and  water  vapour  are  given  as  two  phases,  the  system 

- as  still  two  degrees  of  freedom,  i.e.  at  a given  temperature,  every  value 
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of  the  vapour  pressure  (within  certain  limits)  can  exist.  If,  however, 
another  phase  is  added,  only  one  degree  of  freedom  remains,  i.e.  to  ; 
every  temperature  there  belongs  a definite  pressure.  Such  a system,  i 
therefore,  behaves  as  a pure  liquid,  for  it  has  a definite  vapour  pressure  ?{ 
which  is  independent  of  the  amounts  of  the  phases,  i.e.  independent  of 1 
the  relative  quantities  of  Glauber’s  salt,  anhydrous  salt,  and  water 
vapour.  Observation  shows  that  such  a law  does  indeed  hold,  but 
this  pressure  is  established  more  slowly  than  in  the  case  of  a liquid. 

Since  both,  solid  phases  are  required  for  the  definition  of  the  system 
just  considered,  it  follows  that  one  cannot  speak  simply  of  the  vapour' 
pressure  of  a hydrate  ; on  the  contrary,  it  must  be  stated  what  other 
solid  substance  is  also  in  equilibrium  with  the  vapour.  Many  salts 
form  several  hydrates;  every  combination,  therefore,  of  two  hydrates- 
(or  of  a hydrate  and  the  anhydride)  must  have  its  own  vapour  pressure.  .1 
This  also  has  been  confirmed  by  experiment. 

Besides  being  used  for  medicinal  purposes,  sodium  sulphate  is  also 
employed  as  such  in  the  manufacture  of  glass  and  in  some  other 
industries.  It  occurs  as  a by-product,  and  as  an  intermediate  product : 
in  much  larger  quantities.  As  a by-product,  it  is  obtained  in  the  . 
preparation  of  hydrochloric  acid  from  common  salt,  and  of  nitric  acid 
from  sodium  nitrate.  The  greater  part  of  the  salt  is  converted  into 
sodium  carbonate  or  soda.  The  methods  by  which  this  is  accom- 
plished, will  be  discussed  immediately. 

Sodium  sulphate  also  occurs  in  nature.  As  a mineral,  it  is  called 
thenardite.  It  is  a very  frequent  constituent  of  the  natural  waters; 
waters  which  contain  large  quantities  of  this  salt  in  solution,  such  as 
the  Carlsbad  waters,  are  used  as  mineral  waters  for  the  removal  of 
disturbances  of  the  nutrition. 

Acid  Sodium  Sulphate. — This  salt  is  prepared  in  the  same 
manner  as  the  corresponding  potassium  salt,  is  used  for  the  same 
purposes,  and  exhibits  the  same  chemical  relations. 

Sodium  Sulphite. — The  normal  salt  of  the  composition  Na2S03  + 
7H.,0,  occurs  in  commerce  in  large  crystals;  it  is  chiefly  used  in  photo-  *j 
graphy  for  adding  to  the  “developers”  to  preserve  these  against  the  t 
oxygen  of  the  air.  The  developers  are  alkaline  solutions  of  various  - 
organic  compounds,  the  pimpose  of  which  is  to  reduce  the  silver  com- 
pounds of  the  exposed  photographic  plate  to  metallic  silver,  bodium  » 
sulphite,  it  is  true,  scarcely  possesses  the  power  to  effect  this  reduction, 
but  it  prevents  to  a certain  degree  the  oxidation  of  the  developer  in  j 
the  air,  and  so  keeps  this  for  a longer  time  uncoloured  and  fit  to  he  t 

used.  . 

The  salt  dissolves  readily  in  water.  On  being  heated,  it  decom- 
poses, similarly  to  sodium  sulphate,  into  anhydrous  salt  and  a satura  3 
solution  ; its  solubility  exhibits  corresponding  changes. 

When  exposed  to  the  air,  the  crystals  soon  become  covered  with  a 
coating  of  powdery  sodium  sulphate,  which  is  formed  by  the  oxidation 
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of  the  salt.  It  can  be  seen,  therefore,  from  the  appearance  of  the  salt, 
whether  it  is  still  fit  to  be  used  or  not. 

Acid  sodium  sulphite,  NaIiS03,  is  also  known.  It  is  deliquescent, 
and  oxidises  in  the  air  still  more  readily  that  the  normal  salt.  Its 
concentrated  solution  is  used  in  the  arts. 

The  oxidation  of  solutions  of  this  salt  in  air  is  very  greatly 
retarded  by  the  presence  of  organic  substances,  such  as  alcohol  or 
sugar.  Here  again  we  are  dealing  with  a case  of  catalytic  influence, 
which,  however,  produces  not  an  acceleration  but  a retardation  of  the 
reaction.  The  accelerating  catalysers  can  be  distinguished  as  positive 
from  the  retarding  or  negative  catalysers. 

Sodium  Sulphide. — With  regard  to  the  behaviour  of  the  aqueous 
solutions  of  sodium  sulphide,  Na2S,  and  of  sodium  hydrosulphide, 
NaHS,  the  reader  may  be  referred  to  what  was  stated  in  the  case  of 
potassium  sulphide  (p.  460).  With  regard,  however,  to  the  solid  salts, 
it  may  be  mentioned  that  from  solutions  of  sodium  sulphide,  well 
formed  crystals  belonging  to  the  quadratic  system,  and  containing 
9H.,0  of  crystallisation,  can  be  obtained.  Anhydrous  sodium  sulphide 
is  obtained  as  a flesh-coloured  mass  by  the  reduction  of  sodium 
sulphate  with  charcoal. 

Impure  mixtures  of  various  polysulphides  of  sodium,  along  with 
sodium  sulphate  or  sodium  thiosulphate  (according  to  the  temperature 
employed),  which  are  prepared  under  the  name  of  liver  of  sulphur  by 
fusing  together  soda  and  sulphur,  are  used  in  medicine  and  in  various 
industries. 

Sodium  Thiosulphate  is  the  best  known  salt  of  thiosulphanion 
(p.  295).  It  is  obtained  by  warming  solutions  of  normal  sodium 
sulphite  with  sulphur ; the  latter  is  dissolved,  and  the  solution  then 
contains  the  salt  Na2S203,  the  composition  of  which  differs  from  that 
of  the  sulphite  only  by  one  combining  weight  of  sulphur.  From  the 
solution  it  is  obtained  by  evaporation  in  the  form  of  large,  trans- 
parent crystals  of  the  monoclinic  system  containing  5H20  of  crystal- 
lisation. 

In  the  manufactures,  sodium  thiosulphate  is  prepared  from  the 
calcium  sulphide  of  the  “soda-waste  ” (p.  491) ; by  oxidation  in  the  air, 
this  is  converted  into  calcium  thiosulphate,  which  is  then  transformed 
into  the  sodium  salt  by  means  of  sodium  sulphate. 

The  salt  is  used  in  large  quantities.  To  a certain  extent  it  is 
used  in  photography  for  “fixing.”  It  has  the  property  of  dissolving 
difficultly  soluble  salts  of  silver,  and  pictures  which  have  been  produced 
from  these  are  treated  with  this  salt  in  order  to  remove  the  unchanged 
silver  salt,  and  to  render  the  pictures  unchangeable  by  light.  The 
theory  of  these  processes  will  be  given  under  silver. 

Further,  large  quantities  of  thiosulphate  are  used  as  an  “ antichlor  ” 
for  the  purpose  of  removing  the  last  traces  of  free  chlorine  from  the 
fibres  of  material  which  has  been  bleached  by  its  means.  Free  chlorine 
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is  converted  by  this  salt  into  chloridion,  which  is  harmless ; at  the 
same  time,  sulphuric  acid  is  formed.  The  reaction  can  be  written- 
Na2S203  + 4C12  + 5H20  = 2NaCl  + 2H2S04  + 6HC1. 

Bromine  acts  similarly  to  chlorine.  Iodine,  on  the  other  hand, 
converts  the  thiosulphate  only  into  tetrathionate.  Since  the  reaction  . 
has  already  been  discussed  on  a former  occasion  (pp.  297  and  300),  we 
shall  only  repeat  the  equation  here  : 2Na2S203  + I,  = Na2S4O0  + 2NaI, 
or,  writing  the  ions,  2S203"  + I2  = S406"  + 2 T. 

Sodium  thiosulphate  is  used,  therefore,  in  volumetric  analysis  for 
the  determination  of  free  iodine.  For  this  purpose,  it  possesses  the 
very  important  advantage  that  its  solutions  keep  perfectly  in  the  air 
and  are  not  oxidised.  In  this  respect  it  is  greatly  superior  to  sodium 
sulphite,  which  was  formerly  used  for  the  same  purpose.  Care,  only, 
must  be  taken  that  the  solution  of  thiosulphate  does  not  become  acid ; 
in  very  dilute  solutions,  even  the  carbonic  acid  of  the  air  effects  the 
decomposition  described  on  p.  295,  with  deposition  of  sulphur.  Since 
the  iodine  reaction  is  very  sensitive,  it  is  just  here  that  one  preferably 
uses  dilute  solutions ; these  must,  therefore,  be  prepared  shortly  before 
being  used.  This  is  best  done  by  diluting  a measured  amount  of  a 
concentrated  stock  solution  ( e.g . a normal  solution)  which  remains  un- 
changed for  a long  time.  Such  a normal  solution  contains,  in  accord- 
ance with  the  above  reaction  equation,  one  mole  or  248-34  gm.  of  the 
crystallised  salt  Na2S203  + 5H20  in  a litre. 

If  a solution  of  sodium  thiosulphate  is  added  to  a solution  contain- 
ing iodine,  which  may  be  neutral  or  acid,  a corresponding  amount  of 
the  free  iodine  disappears ; the  complete  disappearance  can  be  readily 
recognised  by  adding  some  dissolved  starch  and  titrating  till  the  blue 
colour  of  the  starch  iodide  disappears. 

This  volumetric  method  is  not  limited  to  the  determination  of  free 
iodine,  but  can,  evidently,  be  applied  to  all  substances  which  either 
form  iodidion  from  iodine  or,  conversely,  convert  iodidion  into  free 
iodine.  To  the  latter  belong  most  of  the  oxidising  agents ; to  the 
former,  many  reducing  agents.  Thus,  free  chlorine  or  bromine  as  well 
as  chloric  acid,  hypochlorous  acid,  iodic  acid,  etc.,  can  be  titrated,  by 
adding  to  them  an  excess  of  potassium  iodide  and  determining  the 
amount  of  iodine  liberated  by  means  of  thiosulphate.  As  an  example, 
we  shall  describe  the  determination  of  potassium  iodate.  In  acid 
solution,  this  reacts  with  potassium  iodide  according  to  the  equation 
KI03  + 5KI  + 6HC1  = 6KC1  + 3I2  + 3H20,  or,  written  in  ionic  form, 
10/  + 5 1'  + 6H'  = 3H20  + 3I2.  For  every  mole  of  iodanion,  six  com- 
bining weights  of  free  iodine  are  formed,  and,  therefore,  six  moles  of 
sodium  thiosulphate  are  used. 

Reducing  substances  can  be  determined  by  bringing  them  together 
with  a measured  excess  of  free  iodine  (dissolved  in  potassium  iodide), 
and  titrating  the  amount  of  iodine  remaining  after  the  reaction,  with 
thiosulphate. 
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For  some  reactions  it  is  of  importance  to  notice  that  in  the  inter- 
action of  iodine  and  thiosulphate,  the  alkali  titre  of  the  solution  does 
not  change.  In  other  words,  hydrion  is  neither  used  up  nor  formed 
I in  this  reaction. 

If  the  crystallised  salt  is  heated  to  56°,  it  melts  without  leaving  a 
’ - solid  residue;  it  behaves,  therefore,  differently  from  sodium  sulphate 
: or  sodium  sulphite.  The  fused  salt  may  be  allowed  to  cool  without 
its  solidifying;  if,  however,  a particle  of  the  solid  salt  is  introduced, 
crystallisation  commences  at  once.  This  fused  substance  is  especially 
(good  for  showing  that  crystallisation  is  effected  only  by  the  presence 
of  the  solid  salt,  and  does  not  consist,  say,  in  a disturbance  of  “ the 
unstable  equilibrium  of  the  atoms.”  Thus,  if  a glass  rod  whose  end  is 
covered  with  a firmly  adhering  coating  of  the  salt  (all  loose  particles 
must  be  carefully  removed)  is  introduced  into  a fairly  large  amount  of 
the  cooled  fused  thiosulphate,  crystallisation  proceeds  solely  from  the 
; rod  outwards,  and  after  a few  seconds  the  glass  rod  with  the  bunch 
of  crystals  adhering  to  it  can  be  removed  from  the  liquid,  without  this 
continuing  to  crystallise. 

Sodium  Carbonate. — Normal  sodium  carbonate,  Na.,C03,  is  a 
white  salt  which  readily  dissolves  in  water  with  alkaline  reaction ; 
when  anhydrous  it  melts  at  850°,  and  can  unite  with  water  to  form 
various  hydrated  compounds. 

Besides  the  anhydrous  salt,  at  least  four  hydrates  are  known  with 
■ certainty.  By  boiling  down  a hot  saturated  solution,  a salt  of  the 
formula  Na2C03  + H20  is  deposited.  If  the  solution  is  allowed  to  cool 
down  in  the  air,  the  ordinary  crystallised  salt  containing  IOH.,0  is 
obtained.  On  cooling  down  the  hot  saturated  solution,  with  exclusion 
of  dust,  two  different  salts  are  obtained,  both  of  which  contain  7H„0 
but  have  a different  crystalline  form  and  also  a different  solubility. 

• Which  of  the  two  is  formed,  depends  essentially  on  the  concentration 
of  the  solution. 


Besides  these  salts,  other  hydrates  with  3,  5,  and  15  molecules  of 
water  of  crystallisation  have  been  described. 

Each  of  these  hydrates  has  its  own  solubility,  and  the  different 
solubility  curves  cut  one  another  in  a manner  similar  to  that  described 
in  the  case  of  Glauber’s  salt.  The  most  stable  forms  are  those  with 
10H2O  and  with  1H20 ; these  two  behave  to  one  another  essentially 
as  Glauber  s salt  and  anhydrous  sodium  sulphate.  The  two  salts  are 
p also  similar  in  the  fact  that  the  solubility  of  the  form  which  is  stable 
at  higher  temperatures  diminishes  as  the  temperature  rises.  The 
transition  point  of  the  salt  with  10H2O  into  that  with  1H.,0  and 
saturated  solution,  is  34 J;  at  that  temperature,  therefore,  sodium 
carbonate  is  most  abundantly  soluble  in  water. 

The  acid  salt,  or  sodium  bicarbonate,  NaHC03,  crystallises  anhydrous, 
band  is  much  less  soluble  than  the  normal  carbonate;  for  100  parts  of 
. water  dissolve  only  9 parts  of  salt  at  12°,  and  10  parts  at  22°.  On 
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being  heated,  or  when  its  aqueous  solutions  are  boiled,  it  readily  parts  i 
with  carbon  dioxide  (cf.  potassium  bicarbonate,  p.  457). 

Besides  these  two  salts,  double  salts  of  the  two  are  also  known, 
some  of  which  occur  in  nature  (trona  and  urao).  The  composition  is 
represented  by  the  formula  HNa3C2O0  + 2H20.  As  naturally  occurring i 
soda  they  were  formerly  of  importance  in  the  arts ; their  amount,  how- 
ever, in  comparison  with  the  consumption,  is  very  scant. 

Normal  sodium  carbonate,  under  the  name  of  soda,  is  one  of  the' 
longest  known  salts.  It  was  formerly  obtained  from  the  ash  of  sea 
plants  rich  in  soda  in  the  same  manner  as  potashes  from  the  ash  of 
land  plants  containing  potash,  and  it  was  employed  for  essentially  the' 
same  purposes  as  potashes,  viz.  for  the  preparation  of  soap  and  of  glass.  i 
The  rapidly  increasing  demand  for  these  substances  and  the  simultane- 
ous replacement  of  wood  fuel  by  fossil  fuel,  the  ash  of  which  contains  s I 
no  alkali  carbonates,  rendered  it  necessary  to  discover  other  sources  of 
these  substances. 

In  certain  localities,  it  is  true,  sodium  carbonate  occurs  partly  in  . 
the  solid  state  as  an  efflorescence  on  the  soil,  partly  dissolved  in  water 
of  springs  and  lakes ; but  the  quantities  thus  available  are  quite  in- 
sufficient to  supply  the  great  demand. 

Since  the  beginning  of  the  nineteenth  century,  therefore,  sodium  j 
carbonate  has  been  artificially  prepared  from  the  most  widespread  i | 
sodium  salt,  viz.  sodium  chloride.  The  process  given  by  Le  Blanc,  i 
which  was  for  a long  time  the  one  exclusively  employed,  is  now 
replaced  by  other  methods,  chemical  as  well  as  electrolytic. 

The  method  of  Le  Blanc  is  rather  troublesome.  The  sodium 
chloride  is  first  converted  into  sodium  sulphate  with  sulphuric  acid, 
this  is  heated  with  charcoal  in  order  to  reduce  it  to  sodium  sulphide,  . 
and,  lastly,  this  is  strongly  heated  with  calcium  carbonate,  sodium 
carbonate  and  calcium  sulphide  being  thereby  formed.  These  two 
salts  are  separated  by  extracting  with  water,  in  which  the  calcium 
sulphide  is  very  difficultly  soluble. 

Expressed  in  equations,  these  reactions  are  : — 

2NaCl  + H„S04  = Na2S04  + 2HC1 
Na2S04  + 4C  = Na2S  + 4CO 
Na2S  + CaC03  = Na,C03  + CaS. 

The  second  and  third  processes  are  carried  out  in  one  operation,  the  < 
sodium  sulphate  being  mixed  with  coal  and  limestone,  and  the  mixture  f 
heated. 

Since  in  this  process  very  large  quantities  of  sulphuric  acid  are  t 
used  up  and  correspondingly  large  amounts  of  hydrochloric  aci  are 
obtained,  a soda  works  which  employs  the  method  of  Le  Blanc  is  i 
necessarily  carried  on  in  conjunction  with  a sulphuric  acid  wor  s . 0 * 
this  a plant  is  also  added  for  converting  the  hydrochloric  acid,  tor 
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which  there  is  no  market  to  the  extent  in  which  it  is  formed,  into 
other  products,  generally  bleaching  powder. 

The  decomposition  of  the  sodium  chloride  is  effected  by  means  of 
chamber  acid  (p.  286),  for  the  sake  of  saving  the  high  cost  of  concen- 
tration, and  'is  carried  out  in  reverberatory  furnaces  of  masonry  work. 
The  evolved  hydrochloric  acid  is  condensed  in  large  pots  of  stoneware. 
The  dry  sodium  sulphate  obtained  is  broken  into  pieces  and  mixed 
with  coal  and  limestone.  The  reaction  between  these  two  substances 
takes  place  at  a moderate  red-heat,  and  is  also  carried  out  in  a rever- 
beratory furnace.  Since  the  mass  must  be  stirred  in  order  that  the 
reaction  may  take  place  regularly  and  completely,  furnaces  have  been 
invented  in  which  this  is  done  by  machinery,  in  order  to  save  the 
expensive  manual  labour. 

The  lixiviation  of  the  fused  mass  (black  ash)  is  conducted  on  the 
principle  of  counter-currents  (p.  455),  at  30°-40°,  at  which  tempera- 
ture the  soda  is  most  soluble.  On  heating  the  saturated  solution,  a 
salt  with  one  combining  weight  of  water  of  crystallisation,  which  is 
less  soluble  in  the  heat,  is  deposited,  and  this  is  converted  into  the 
anhydrous  salt  by  heating.  This  is  called  soda-ash,  and  is  generally 
employed  in  the  large  industrial  operations.  By  dissolving  this  in 
lukewarm  water  and  allowing  it  to  crystallise  in  the  cold,  soda 
crystals,  Na2C03  + 10H2O,  are  obtained  ; this  is  used  in  operations  on 
i a small  scale,  since  it  very  quickly  dissolves. 

The  soda  obtained  in  this  way  is  rather  impure.  It  contains 
varying  amounts  of  sodium  sulphate,  sodium  sulphide,  and  common 
salt  derived  from  the  preparation.  Most  of  the  sodium  sulphide, 
certainly,  the  presence  of  which  is  due  to  incomplete  transformation, 
partly  also  to  the  reversal  of  the  reaction  with  calcium  sulphide  during 
the  lixiviation,  remains  in  the  mother  liquor,  and  is  used  again  in  the 
process. 

* If  more  coal  is  added  than  corresponds  to  the  above  equations, 
it  acts  on  the  sodium  carbonate,  along  with  the  water  which  is  present 
1 as  vapour,  and  forms  sodium  hydroxide  and  carbon  monoxide  : 
Na2C03  + C + H20  = 2NaOH  + 2CO.  In  this  way  caustic  soda  can  be 
obtained  directly ; the  product,  however,  is  very  impure. 

f In  this  process,  especial  difficulty  is  given  by  the  residues  (soda- 
waste),  which  consist  essentially  of  calcium  sulphide.  In  the  course  of 
time,  very  different  methods  have  been  worked  out  for  obtaining  the 
sulphur  from  them  in  some  form  or  other,  and  at  the  present  day  this 
is  successfully  carried  out  in  those  works  where  the  Le  Blanc  process 
is  still  in  use.  Since,  however,  the  disappearance  of  this  process  is  only  a 
question  of  time,  it  is  not  necessary  for  us  to  enter  into  a description 
of  the  methods  of  “ sulphur  regeneration.” 

The  new  method,  which  on  the  Continent  has  practically  entirely 
replaced  the  older  method,  depends  on  the  following  reactions. 
Ammonia  is  absorbed  by  a solution  of  common  salt,  and  carbon  dioxide 
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then  passed  in.  Sodium  bicarbonate,  which  separates  out  in  the 
solid  state,  and  ammonium  chloride,  which  remains  in  solution,  are  j 
formed.  The  latter  is  decomposed  with  lime  into  calcium  chloride  and  j 
ammonia,  and  the  ammonia  formed  is  used  again  in  the  preparation. 

The  chemical  process,  then,  amounts  to  this,  that  the  ions  Na',’i 
NH4‘,  CF,  and  HCO,/  are  brought  together  in  concentrated  solution. 
Under  these  conditions,  there  will  be  deposited,  in  accordance  with 
principles  already  laid  down  (p.  440),  that  salt  which  has  the  smallest  t 
solubility  ; in  this  case,  sodium  bicarbonate.  It  is  true  that  neither 
ammonia  nor  carbonic  acid  alone  is  dissociated  to  any  great  extent  s 
into  ions,  but  the  two  immediately  form  ions  when  they  come  together 
in  solution,  since  the  ammonium  bicarbonate  is  a salt  which  in  solution 
is  dissociated  into  ions  in  the  same  degree  as  any  other  neutral  salt. 

The  process  would  therefore  be  equally  successful  if  in  place  of 
ammonion  some  other  cation  were  employed,  whose  bicarbonate  is  > 
more  soluble  than  sodium  bicarbonate.  In  the  case  of  ammonium, 
however,  there  is  the  special  advantage  that  free  ammonia  can,  on 
account  of  its  volatility,  again  be  easily  recovered  from  the  residual  ij 
chloride  by  means  of  lime. 

The  chemical  reactions,  therefore,  can  be  summarised  in  the  follow- 
ing equations  : — 

NaCl  + HNH4C03  = NH4C1  + NaHC03 
2NH4C1  + CaO  = CaCl2  + 2NH3  + H,0 
nh3  + h2o  + co2  = HNH4C03. 

Besides  sodium  chloride,  calcium  oxide  and  carbon  dioxide  are 
used  up.  The  latter  are  obtained  from  naturally  occurring  calcium  car- 
bonate or  limestone,  which  decomposes  into  the  two  constituents  on 
heating.  Further,  the  sodium  bicarbonate  is  placed  on  the  market  only 
in  very  small  amount  as  such  ; the  greater  part  is  decomposed  by  heat- 
ing into  normal  carbonate  and  carbonic  acid:  2NaHC03  = Na2C03 + 
C09  + H.O.1 

The  soda  obtained  in  this  way  (Solvay  process)  is  not  only  cheaper 
than  by  the  Le  Blanc  method,  but  it  is  also  considerably  purer. 

For  special  purposes,  pure  soda  is  obtained  by  precipitating  the 
bicarbonate  from  a concentrated  solution  of  the  impure  salt  by  means 
of  carbon  dioxide,  washing  this  with  cold  water  and  converting  it  bj 
strongly  heating  into  the  normal  carbonate. 

In  analysis,  sodium  carbonate  is  employed  for  several  purposes. 
On  the  one  hand,  it  is  used  as  a reagent  for  introducing  carbanion, 
C03",  into  a given  solution  ; since  many  carbonates  are  difficultly 

1 It  is  not  easy  to  see  why  the  decomposition  of  the  calcium  carbonate  and  of  the 
ammonium  chloride  is  not  united  into  one  operation,  for  by  heating  the  two  ammonium 
carbonate  would  be  obtained,  which  could  then  be  dissolved  in  the  solution  oi  common 
salt.  The  carbon  dioxide  from  the  decomposition  of  the  sodium  bicarbonate  would  then 
be  exactly  sufficient  to  again  precipitate  sodium  bicarbonate  from  the  solution.  1 resum- 
ably  technical  difficulties  have  necessitated  the  indirect  process. 
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soluble  in  water,  the  respective  cations  will  be  precipitated  by  this 
addition.  On  the  other  hand,  sodium  carbonate  is  used  for  decom- 
posing  various  salts  at  a red -heat,  more  especially  lor  decomposing 
. silicates  and  rendering  them  suitable  for  analysis.  For  this  purpose,  it 
is  mixed  with  about  an  equal  weight  of  potassium  carbonate.  Such  a 
mixture  melts  much  more  readily  than  either  of  the  salts  alone.  This 
is  another  example  of  the  mutual  depression  of  the  melting  point  (vide 
p.  470). 

Sodium  Phosphate. — Of  the  three  sodium  salts  of  orthophos- 
phoric  acid,  the  best  known  is  the  disodium  salt  Na2HP04 ; this  is 
the  salt  meant  when  sodium  phosphate  is  spoken  of  without  further 
designation.  It  generally  crystallises  in  large  crystals  containing 
12H.,0,  which  readily  effloresce;  with  most  of  the  other  sodium  salts, 
however,  it  shares  the  property  of  forming  crystals  containing  different 
amounts  of  water,  according  to  the  temperature  of  crystallisation. 
Thus,  more  especially,  a salt  with  7H20  is  known  which  is  formed  at 
temperatures  above  35°,  and  is  also  formed  by  the  efflorescence  of  the 
more  highly  hydrated  salt. 

At  higher  temperatures,  the  salt  first  loses  its  water  of  crystallisa- 
tion, and  then  the  unreplaced  acid  hydrogen  is  given  off  as  water,  and 
there  is  formed  the  sodium  salt  of  pyrophosphoric  acid  : 2Na2HP04  = 
Na4P.,07  + H20.  This  is  the  most  convenient  method  of  preparing  a 
pyrophosphate,  and  from  this  pyrophosphoric  acid  (p.  363). 

* The  above  reaction  is  of  great  historical  interest.  The 
in  the  chemical  reaction  which  accompanies  the  above  transformation 
led,  of  a necessity,  to  the  conclusion  that  the  nature  of  the  acid  had 
undergone  an  essential  change  by  the  ignition,  and  after  Clark  and 
Graham  had  subjected  the  chemical  processes  which  take  place  to  an 
i exact  analytical  investigation,  and  had  established  the  fact  that  these 
< consist  merely  in  a loss  of  water,  it  was  possible  for  Liebig,  on  the  basis 
of  this  result,  to  put  forward  the  theory  of  the  polybasic  acids.  For 
) since  at  that  time  (1838)  the  methods  for  the  determination  of  the 
molar  weights  had  not  yet  been  elaborated,  all  acids  were  formulated, 
for  the  sake  of  simplicity,  as  containing  only  one  combining  weight  of 
I replaceable  hydrogen.  Liebig  showed  that  the  facts  could  be  more 
i consistently  and  clearly  represented  by  giving  up  this  assumption  and 
writing,  where  necessary  (more  especially  in  those  cases  where  acid 
salts  can  be  prepared),  the  formulae  of  the  acids  with  two  or  more 
| combining  weights  of  replaceable  hydrogen.  This  method  of  formula- 
1 tion  received  confirmation  thi’ough  the  conception  of  molar  weight, 
which  was  subsequently  developed. 

The  aqueous  solution  of  disodium  phosphate  reacts  feebly  alkaline. 
The  reason  of  this  has  already  been  given  (p.  363);  the  second 
hydrogen  of  phosphoric  acid  is  only  slightly  dissociated,  and  a certain 
: amount  of  hydrolysis  therefore  occurs  in  the  solutions  of  the  correspond- 
ing salts. 
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In  the  laboratory,  the  solution  of  disodium  phosphate  is  employee  i 
to  introduce  phosphanion  into  reactions.  By  reason  of  the  nature  o!  j 
the  dissociation  of  phosphoric  acid,  to  which  reference  has  just  been;j 
made,  the  solution  of  the  salt  contains,  to  a preponderating  extent,  the-  j 
ion  HPO  If,  as  is  necessary  for  most  of  the  precipitations,  it  is% 
desired  to  bring  the  ion  P04"'  into  reaction,  it  is  further  necessary  to  i 
add  a base,  the  hydroxyl  of  which  can  form  water  with  the  hydrogen  i 
of  the  ion  HP04",  and  thereby  convert  it  into  P04'".  This  transfer* 
mation,  it  is  true,  takes  place  only  to  a small  extent  in  the  solution  . 
itself;  if,  however,  the  ion  P04'"  is  continuously  removed  from  the* 
solution  by  the  deposition  of  a solid  salt,  a fresh  quantity  must, 
always  be  formed  in  order  to  establish  chemical  equilibrium  in  the  f 
solution,  and  the  object  aimed  at  will  be  attained.  Usually  ammonia  * 
is  the  alkali  added,  because  an  excess  of  it  does  no  harm,  which  iso 
sometimes  not  the  case  with  an  excess  of  caustic  soda  or  potash. 

If  to  a solution  of  the  ordinary  sodium  phosphate  the  quantity  of  f 
caustic  soda  required  by  the  equation  Na2IiP04  + NaOH  = Na3P04  + q 
H.,0  is  added  and  the  solution  evaporated,  the  trisodium  phosphate  h 
is  "obtained  in  hydrated  octahedral  crystals,  which  dissolve  in  water  : 
with  a strongly  alkaline  reaction.  By  addition  of  phosphoric  acidc 
in  accordance  with  Na2HP04  + H3P04  = 2NaH2P04,  and  evaporation, 
monosodium  phosphate  is  obtained  which  crystallises  in  two  different  :: 
forms,  each  containing  1H20.  On  being  heated  this  salt  passes* 
into  the  sodium  salt  of  metaphosphoric  acid  : NaH2P04  = NaP03  + j 
H20. 

The  sodium  salts  of  pyro-  and  metaphosphoric  acids,  which  have  - 
just  been  mentioned,  are  the  most  important  salts  of  these  anions. - 
While  the  pyrophosphate  has  only  a limited  application  (in  medicine),  . 
the  metaphosphate  is  largely  used  as  a reagent  in  qualitative  analysis.  - 
It  is  obtained  as  a glassy  mass  by  heating  monosodium  phosphate,  and  (j 
does  not  crystallise  when  it  is  dissolved  in  water  and  the  solution  is  > 
evaporated;  at  a red-heat  it  has  the  property  of  dissolving  many; 
metallic  oxides,  with  production  of  a characteristic  colour.  In  using  g 
it,  a small  quantity  is  fused  to  a bead  on  a loop  of  platinum  wire,  and 
to  this  is  added  a small  quantity  of  the  substance  under  investiga- 
tion. The  various  heavy  metals,  more  especially,  give  characteristic 

colours  in  the  “ phosphate  bead.” 

Sodium  Silicate  behaves  quite  similarly  to  potassium  silicate, 
and  is  employed  as  soda  water-glass  (p.  464).  Together  with  other  t 
silicates,  it  occurs  both  naturally  (e.g.  as  albite)  and  as  a manufactured  I 
product ; thus,  for  example,  ordinary  glass  is  a mixture  of  sodium  and 
calcium  silicates. 

Sodium  Borate. — Of  all  the  salts  of  boric  acid,  a sodium  com- 
pound is  the  best  known  and  the  most  largely  used.  This  salt  is  ■ 
called  borax,  and  has  the  composition  Na2B407 ; it  is,  therefore,  the  i 
sodium  salt  of  tetraboric  acid,  H2B407,  which  may  be  supposed  formed 
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I from  four  combining  weights  of  orthoboric  acid  by  the  loss  of  5H20  : 
4H3BO3  - 5H20  = H2B407. 

Borax  is  a salt  which  is  not  very  soluble  in  water  ; at  lower 
temperatures  it  crystallises  with  101i2O,  above  56°  with  5H20,  The 
■ former,  or  more  highly  hydrated  form,  is  distinguished  as  prismatic 
borax  from  the  less  hydrated  or  octahedral  borax.  The  relation  exist- 
ing between  the  two  salts  is  similar  to  that  between  Glauber’s  salt  and 
anhydrous  sodium  sulphate  (p.  485),  only  the  octahedral  borax  is  very 
easily  formed,  even  in  its  region  of  instability  below  56°,  if  nuclei  of 
the  prismatic  form  are  excluded. 

When  heated,  borax  loses  its  water,  first  swelling  up  to  a spongy 
s mass,  and  then,  as  the  temperature  is  raised,  forming  a colourless  glass 
which,  on  cooling,  solidifies  in  the  amorphous  condition. 

This  borax  glass  has,  similarly  to  sodium  metaphosphate,  the  pro- 
perty of  dissolving  metallic  oxides  with  production  of  distinctive 
colorations,  and  is  therefore  used  in  qualitative  analysis  for  the  same 
: purpose  as  the  latter  salt.  In  the  case  of  borax,  however,  the  melting 
I point  lies  considerably  higher,  and  the  colours  are  also  to  some  extent 
different,  so  that  the  reaction  in  the  borax  and  those  in  the  phosphate 
bead  must  be  distinguished.  To  this  solvent  power  for  metallic  oxides, 
the  application  of  borax  in  soldering  is  also  due.  Soldering  consists 
in  uniting  two  pieces  of  metal  together  by  fitting  them  to  one  another 
and  filling  up  the  space  which  is  left  with  an  easily  fusible  metal  in 
the  liquid  form.  In  order  that  such  a junction  may  hold,  the  liquid 
metal  must  wet  the  surfaces  to  be  united  ; this  is,  however,  hindered 
by  the  layers  of  oxide  with  which  most  of  the  metals  become  covered 
when  heated.  When  the  borax  melts,  it  covers  the  metal,  and  thus 
prevents  the  access  of  atmospheric  oxygen ; it  also  dissolves  the  oxide 
which  is  present,  and  thus  renders  the  wetting  by  the  liquid  metal 
possible.  Borax  is  used  in  soldering  with  difficultly  fusible,  or  hard 
solder  (a,  mixture  of  copper,  zinc,  and  silver);  with  easily  fusible  soft 

! solder  (tin  and  lead)  there  are  used  zinc  chloride,  ammonium  chloride, 
resin,  or  stearic  acid,  which  have  a similar  action  to  borax. 

Sodium  Acetate. — Sodium  acetate,  NaC202H3  + 3H20,  is  a salt 
which  is  readily  soluble  in  water,  and  melts  at  58°  in  its  water  of 
crystallisation  ; after  the  addition  of  a small  amount  of  water,  the 
fused  product  can  be  cooled  down  without  crystallising.  With’  this 
liquid,  which,  if  “ nuclei  ’ are  excluded,  will  keep  for  years,  the  ex- 
periments on  supercooling  (p.  116)  can  be  very  conveniently  per- 
» formed,  since,  as  a rule,  no  nuclei  of  the  salt  are  present  in  the  air, 
and  the  apparently  spontaneous  crystallisation  does  not  readily  occur. 

In  the  laboratory,  sodium  acetate  is  often  employed.  It  is  chiefly 
used  in  analytical  chemistry  for  the  purpose  of  preparing  solutions 
B which  have  an  acid  reaction  but  contain  a very  small  amount  of 
I hy  dr  ion.  Since  several  of  the  precipitates  employed  for  analytical 
' /purposes  are  dissolved  by  strongly  acid  liquids,  but  are  sufficiently 
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insoluble  in  weakly  acid  ones,  an  artifice  like  this  is  of  ‘great  import- 
ance. 

The  above  object  is  attained  by  adding  sodium  acetate  to  the  solu- 
tion which  contains  hydrion,  e.g.  hydrochloric  acid  (or  in  which  hydrion  i 
is  formed  in  the  intended  reaction).  The  acetanion  thus  introduced1  ijj 
into  the  solution  combines  with  the  greater  portion  of  the  hydrion  j 
present  to  form  undissociated  acetic  acid,  since  acetic  acid  is  a rather  ! 
weak  acid,  and  only  a small  amount  of  - hydrion  is  left.  If  more 
hydrion  is  formed  in  the  reaction,  this  undergoes  the  same  transfer- ■ j 
mation,  always  supposing  that  there  is  acetanion  still  present.  The 
sodium  acetate  must,  therefore,  be  added  in  sufficient  excess. 

The  Combining  Weight  of  Sodium  has  been  determined  in  con- 
junction with  that  of  silver  and  chlorine  (p.  222)  by  ascertaining  how 
much  silver  is  necessary  for  the  conversion  of  a definite  amount  of 
sodium  chloride  into  silver  chloride,  or  how  much  silver  chloride  can  t 
be  obtained  from  a given  amount  of  sodium  chloride.  In  this  way  it  * 
has  been  found,  Na=23‘06. 


CHAPTER  XXII 

RUBIDIUM,  CAESIUM,  LITHIUM,  AND  AMMONIUM 


General.  — To  the  two  alkali  metals,  potassium  and  sodium,  which 
occur  very  abundantly  in  nature,  there  are  related  three  other  elements 
which  are  found  much  more  sparingly.  One  of  these,  lithium,  has  a 
smaller  combining  weight  than  the  above  mentioned  elements,  viz., 
7 '03.  The  other  two,  rubidium  and  ccesium,  have  a larger  combining- 
weight,  viz.,  85-4  and  132  9.  In  their  chemical  relations,  the  latter 
two  are  quite  analogous  to  potassium,  while  lithium  stands  alone  in 
the  group,  and  its  chemical  analogues  are  rather  to  be  found  in  the 
^elements  of  the  next  group,  that  of  the  alkaline  earth  metals. 

■ * In  view  of  this  circumstance,  it  may  be  asked  why  lithium  is 
not  preferably  classed  along  with  these  other  metals.  The  complete 
'^  answer  to  this  can  be  given  only  after  all  the  assumptions  necessary 
for  a comprehensive  systematisation  of  the  elements  have  been  dis- 
cussed. The  decisive  reason  may  be  here  given,  viz.,  that  lithium 
j dorms  a monovalent  ion,  like  the  alkali  metals,  whereas  the  ions  formed 
fiom  the  alkaline  earth  metals  are  all  divalent.  The  specific  heat 
and  other  relations  are  connected  with  this,  and  all  favour  the  placing 
of  lithium  in  the  group  of  the  alkali  metals.  It  will  also  be  found 
jhat  deviations  similar  to  those  found  in  the  case  of  lithium  can  be 
frequently  and  regularly  observed. 

In  this  chapter  ammonium  (p.  33 1)  also  has  been  placed,  because  it 
torms  a monovalent  cation  NH  4,  which  is  in  many  respects  similar  to 
botassion. 

Rubidium  and  Coosium. — After  the  foundations  of  spectrum 
jfnalysis  had  been  laid  by  Bunsen  and  Kirchhoff  in  1860,  the  former 
l-)roceeded  to  apply  the  new  method  to  several  substances.  And, 
Meed,  in  the  mother  liquor  from  the  salt  wells  at  Diirkheim,  he 
ound  new  spectral  lines  which  did  not  belong  to  any  of  the  elements 
'Hitherto  known.  In  a masterly  research  1 he  separated  the  correspond- 
ing substances  and  established  the  fact  that  two  new  alkali  metals  were 

J ®llnsell  obt1ained  9 Sm-  of  rubidium  chloride  and  7 gin.  of  caesium  chloride  from  240 
'■°m‘  01  mother  nquor,  corresponding  to  44,200  kgm.  of  mineral  water. 
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present,  which  were  especially  similar  to  potassium.  From  the  colour  i 
of  their  most  pronounced  spectral  lines,  he  called  them  rubidium  (red)  ] 
and  caesium  (blue). 

The  two  elements  were  subsequently  often  observed,  but  always  in  f 
very  small  amount.  Rubidium  is  found  most  abundantly  in  theW 
mother  liquors  from  the  Stassfurt  potash  salts,  from  which  it  is  sepa-  .1 
rated  in  the  form  of  its  difficultly  soluble  double  salt  with  aluminium  t 
sulphate  (alum).  Caesium  compounds  still  remain  very  rare. 

The  chemistry  of  these  two  elements,  so  far  as  investigated,  agrees  • 
perfectly  with  that  of  the  potassium  compounds.  The  corresponding, 
salts  are  generally  isomorphous,  and  exhibit  similar  solubility  relations.- 
More  especially  do  these  metals  form  difficultly  soluble  salts  with 
hydrochloroplatinic  acid,  hydrofluosilicic  acid,  and  hydrofluoboric  acid  ;'i 
the  acid  salts  of  tartaric  acid  are  also  difficultly  soluble.  For  this..- 
reason  there  are  no  methods  known  by  which  a tolerably  sharp  separa- 
tion of  these  elements  can  be  effected,  and  one  has  to  be  satisfied  with 
incomplete  separations  based  on  slight  differences  in  solubility,  which  r 
must  be  frequently  repeated  before  the  object  is  approximately  attained. 

Thus  from  the  previously  concentrated  mixture  of  the  three. \ 
chlorides,  by  the  addition  of  hydrochloroplatinic  acid,  Bunsen  sepa-. 
rated  a small  precipitate  which  consisted  of  the  less  soluble  salts  of  the 
two  new  elements  mixed  with  the  more  soluble  potassium  platinochlo- 
ricle.  By  boiling  this  precipitate  -with  small  quantities  of  water  and- 
adding  the  portion  which  passed  into  solution  to  the  original  liquid, 
he  obtained  a less  and  less  soluble  platinum  salt,  which  finally  was 
almost  free  from  potassium.  The  separation  of  rubidium  and  caesium  i 
was  effected  by  treating  the  carbonates,  or  the  hydroxides,  with  alcohol. 

Metallic  rubidium,  which  can  be  obtained  by  distilling  the:- 
hydroxide  with  magnesium,  has  the  density  1 '5,  melts  at  38  , and  at, 
room  temperature  is  very  soft.  It  readily  volatilises,  and  ignites  spon- 
taneously in  moist  air  and  also  in  dry  oxygen.  It  dissolves  in  mercury,'- 
forming  an  amalgam,  which  behaves  like  potassium  amalgam. 

In  oxygen,  rubidium  burns  to  a dark  coloured  dioxide,  RbO.,,  which 
dissolves  in  Avater,  yielding  the  hydroxide  Avith  formation  of  hydrogen 
peroxide  and  oxygen.  The  hydroxide  is  obtained  from  the  sulphate 
by  precipitating  the  sulphanion  with  barium  hydroxide. 

Of  the  different  salts  of  rubidium,  nothing  special  has  to  be  said. 

One  peculiarity  Avhich  is  not  found  in  an  appreciable  degree  in  the 
case  of  potassium,  is  the  property  possessed  by  rubidium  and  cssiiun; 
of  forming  compounds  Avith  the  halogens,  in  which  three  or  five  com- 
bining weights  of  the  latter  to  one  combining  weight  of  the  metal  are: 
present;  compounds,  therefore,  in  Avhich  the  metal  appears  as  tri-  OT 
pentavalent.  Such  compounds  Avith  bromine  or  iodine  are  formed  with 
especial  ease.  They  are  deposited  as  difficultly  soluble  crystalline  pre- 
cipitates of  a lustrous  yelloAV  to  broAvn  colour,  on  introducing  the  tree- 
halogens  into  solutions  of  rubidium  bromide  or  iodide.  Through  these 
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compounds  a similarity  is  established  with  the  heavy  metals  thallium 
. and  gold  (which  see)  which,  for  other  reasons,  have  also  been  ranked 


along  with  the  alkali  metals.  These  compounds  are  much  more  readily 
formed  with  caesium  than  with  rubidium. 

Metallic  caesium  melts  as  low  as  26°,  and  is  still  more  readily 
volatile  than  rubidium. 

Lithium. — From  the  compounds  of  the  other  alkali  metals,  those 
of  lithium  were  distinguished  by  Arfvedson  in  1817.  Elementary 
lithium  was  first  prepared  in  1855  by  Bunsen  and  Matthiessen,  by  the 
electrolysis  of  the  chloride. 

Metallic  lithium  is  the  lightest  of  all  solid  substances  ; its  density 
-is  0-59,  so  that  it  floats  on  petroleum.  It  is  a silver- white,  somewhat 
tenacious  metal,  which  does  not  melt  below  180°,  and  does  not 
I volatilise  even  at  a red-heat.  When  heated  in  the  air,  it  does  not 
.ignite  until  considerably  over  200°,  and  it  then  burns  with  a white, 
very  bright  light,  similar  to  that  of  magnesium.  It  decomposes  water 
with  evolution  of  hydrogen  and  formation  of  lithium  hydroxide  ; the 
action  is,  however,  much  less  violent  than  with  the  other  alkali  metals. 

Like  the  other  alkali  metals,  lithium  forms  a monovalent,  colour- 
less ion  Li-,  which  can  combine  to  form  salts  with  all  anions.  From 
:the  ions  of  the  other  alkali  metals,  lithion  is  distinguished  by  its 
■power  of  forming  various  difficultly  soluble  salts,  which  will  be  men- 
ijtioned  immediately.  Lithium  is  not  capable  of  forming  any  but 
i monovalent  ions. 

Lithium  Hydroxide  is  most  easily  obtained  by  decomposing 
lithium  sulphate  with  barium  hydroxide.  On  strongly  concentrating 
the  solution,  lithium  hydroxide,  LiOH,  separates  out  as  a colourless 
mass,  which  is  readily  soluble  in  water,  although  not  so  soluble  as 
caustic  potash  or  soda,  but  does  not  deliquesce  in  air.  The  solution 
das,  however,  essentially  the  same  properties  as  those  of  caustic  potash 
md  caustic  soda,  for  lithium  hydroxide  is  dissociated  into  its  ions,  Li- 
tnd  OH',  in  almost  the  same  degree  as  the  other  alkalis. 

The  compounds  of  lithium  with  chlorine,  bromine,  and  iodine  are 
exceedingly  readily  soluble,  and  deliquesce  in  the  air,  since  their  satu- 
rated solutions  have  a smaller  vapour  pressure  than  the  mean  vapour 
pressure  of  the  water  in  the  air.  They  dissolve  in  alcohol  and  in  a 
mixture  of  alcohol  and  ether.  Since  the  chlorides  of  the  other  alkali 
metals  are  almost  insoluble  in  this  mixture,  use  is  made  of  this  pro- 
,erty  for  the  separation  of  lithium  from  these. 

Lithium  fluoride,  however,  is  very  difficultly  soluble-in  water. 

Lithium  nitrate  and  sulphate  are  readily  soluble  in  water. 

Lithium  Carbonate,  Li2C03,  is  difficultly  soluble  in  water,  since 
m parts  of  water  dissolve  only  about  one  part  of  the  salt.  On  the 
f”  her  hand,  lithium  bicarbonate  is  much  more  easily  soluble,  so  that 
effiore  than  5 parts  of  the  normal  carbonate  can  be  dissolved  in  100 


»>aits  of  water  if  carbon  dioxide  is  passed  through  the  solution.  If 
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this  solution  is  heated,  carbon  dioxide  escapes,  and  the  difficultly  <j 
soluble  normal  carbonate  again  separates  out.  1.  his  behaviour  can  be  >1 
very  well  employed  in  order  to  prepare  lithium  compounds  pure.  It 
is  in  marked  contrast  with  that  of  the  other  alkali  metals,  in  which  i 
case  the  normal  carbonates  are  much  more  readily  soluble  than  the' 
bicarbonates.  The  same  behaviour  as  in  the  case  of  lithium  is  found  i| 
also  in  the  case  of  the  alkaline  earth  metals. 

Normal  Lithium  Phosphate,  Li3P04,  is  precipitated  from  solu- 
tions containing  lithion,  on  adding  sodium  phosphate  and  ammonia, 
(p.  494)-  It  forms  a white,  crystalline  precipitate,  which  is  very* 
difficultly  soluble  in  water  (1  part  in  2500  parts  of  water),  and 
becomes  still  less  soluble  in  presence  of  phosphanion.  This  reaction' 
is  used  for  the  detection  and  precipitation  of  lithium. 

Another  and  very  convenient  means  of  detecting  lithium  is  the  red 
colour  which  it  imparts  to  a Bunsen  flame.  Examined  with  the  spec- 
troscope, this  coloration  is  resolved  into  a red  and  a yellov  line  , theiJ 
latter  is  situated  beside  the  sodium  line,  nearer  to  the  red  end  of  the 
spectrum. 

By  means  of  this  very  sensitive  reaction,  it  can  be  shown  that;, 
lithium  is  a very  widely  distributed  element,  although  it  novhereij 
occurs  in  large  amount.  Thus,  tobacco  ash  generally  contains  lithium,! 
and  when  moistened  with  hydrochloric  acid  and  introduced  into  the. 
flame  of  the  Bunsen  burner,  readily  shows  the  red  lithium  line  when! 
examined  with  a spectroscope. 

Metallic  lithium  combines  very  readily  with  nitrogen  to  form 
lithium  nitride,  NLi3,  which  is  decomposed  by  water  into  lithium: 
hydroxide  and  ammonia.  With  hydrogen,  lithium  combines  to  form  a 

hydride,  LiH.  . . . 

Ammonium. — When  discussing  ammonia  (p.  Joi),  it  was  states 

that  that  substance  unites  with  water  to  form  an  hydroxide  which  is 
similar  to  the  hydroxides  of  the  alkali  metals  in  many  respects,  ltsr 
composition  is  NH4OH,  and  its  ions  are  hydroxidion,  and  the  com- 
pound cation  NH4‘,  which  has  been  called  ammonion,  m order  to 
indicate  its  derivation  from  ammonia,  and  its  similarity  to  potassiqM 


or  sodion.  „ . . i,  ■ 

As  a matter  of  fact,  ammonion  is  found  m numerous  salts,  m 

which  the  most  various  anions  are  present  along  with  this  cation.  :i 
Not  only  are  these  salts  of  analogous  composition  to  the  sattW 1 
potassium,  the  place  of  potassium  being  taken  by  ammonium  but  the 
two  series  of  salts  are  in  almost  all  cases  isomorphous,  and  exhibi  • 
nearly  the  same  solubility  relations ; the  similarities  which  here  east 
are,  therefore,  similar  to  those  that  exist,  say,  between  chlorine  and 
bromine,  or  between  potassium  and  rubidium.  _ 

In  view  of  these  similarities,  the  question  arises  whethe  ■ 
the  ion  ammonium  there  does  not  exist  a non-ion  animomumcoi  re- 
sponding to  metallic  potassium.  The  answer  is  only  partly  aftrmat 
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j If  it  is  attempted  to  prepare  metallic  ammonium  by  the  action,  say,  of 
j metallic  potassium  on  ammonium  salts,  one  does  not  obtain  the  com- 
l pound  NH4,  but  its  decomposition  products  2NH3  and  H2.  The  same 
g result  is  obtained  on  attempting  to  decompose  a solid  or  dissolved 
i ammonium  salt  with  the  help  of  the  electric  current.  Only  in  one 
b special  case  does  one  succeed  in  the  latter  instance  in  laying  hold  of 
i ammonium,  at  least  temporarily,  viz.,  by  employing  an  electrode  of 
j metallic  mercury.  In  this  way  the  mercury  acquires  properties 
h similar  to  those  of  a dilute  solution  of  potassium  or  sodium  in  that 

i metal,  and  at  the  present  time  there  is  no  great  doubt  of  the  existence 
of  an  ammonium  amalgam.  Certainly,  the  amount  of  ammonia  which 
-it  contains  is  always  very  small,  for  even  in  the  form  of  the  amalgam, 
the  ammonium  undergoes  decomposition  into  ammonia  and  hydrogen, 

1 and  its  existence  is  always  only  a transitory  one. 

■ * Bi^  reason  of  this  decomposition,  gas  is  evolved  throughout  the 
mercury,  which  thereby  acquires  a peculiar,  spongy  character.  The 
ammonium  amalgam  is  very  easily  obtained  by  covering  a large  drop 
of  mercury  with  a concentrated  solution  of  any  ammonium  salt  and 
^.passing  an  electric  current  into  the  mercury,  by  means  of  a platinum 
wire  dipping  into  the  solution,  in  such  a way  that  the  mercury  acts  as 
a cathode.  One  accumulator  gives  a sufficient  current.  The  mercury 
is  at  once  seen  to  swell  up,  and  to  become  converted  into  a gray,  semi- 
solid mass,  which  owes  its  peculiar  character  to  the  fact  that  it  is  a 
froth  of  very  small  bubbles. 

€ * The  same  product  is  obtained  still  more  simply  by  pouring  a 
thconcentrated  solution  of  an  ammonium  salt  over  sodium  amalgam. 
(NMetallic  sodium  then  passes  into  sodion,  while  annnonion  is  converted 
unto  “metallic”  ammonium,  or  into  the  products  of  decomposition  of 
.,  this. 

I That  the  ammonium  which  is  formed  has  to  a certain  extent  the 
character  of  a metal,  follows  from  the  fact  that  it  is  soluble  in  mercury  ; 
tor,  with  the  exception  of  the  metals,  no  other  substance  has  an  ap- 
preciable solubility  in  mercury.  Besides  what  has  been  stated,  all 
chat  is  known  concerning  the  properties  of  ammonium  is  that  it 
pehaves,  electrically,  similar  to  the  alkali  metals,  its  position  in  the 
‘ potential  series  ” (vide  infra ) being  next  to  that  of  the  alkali  metals. 
Ammonion,  NH4,  is,  as  already  mentioned,  very  similar  to  potas- 

Biion.  Like  the  latter,  it  is  colourless,  and  also  forms  difficultly  soluble 
alts  with  the  precipitants  of  potassion,  tartaric  acid  and  hydrochloro- 
i platinic  acid.  It  can  be  distinguished  from  potassion  by  the  readiness 
I with  which  its  hydroxide  passes  into  ammonia,  which  is  volatile. 

Ammonium  Hydroxide,  NH4OH,  is  known  only  in  solution,- 
o nice,  on  attempting  to  obtain  it  in  the  free  state  by  evaporating  off 
lie  water,  it  decomposes  into  ammonia  and  water.  An  aqueous  solu- 
tion of  ammonia  certainly  contains  a portion  of  the  dissolved  gas  as 
fcnmonium  hydroxide,  part  of  which  is  in  turn  dissociated  into  the 
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ions  NH4*  and  OH'.  What  portion  of  the  total  ammonia,  also,  has 
passed  into  ions  can  be  determined  by  measurements  of  the  electrical 
conductivity.  What  relation,  however,  exists  between  the  undmocinled 
ammonium  hydroxide  (NH4OH)  in  the  solution  and  its  anhydride 

/\ttt  \ * a.  1 _ irvjrkrtocn'Kln  f /~i  rlnfnrminn  Tt  fnllnwfi 


wuuuuuiwm  **,/ \ q / . O M 

(NH3),  it  has  as  yet  been  impossible  to  determine.  It  follows,  how-'J 


ever-,  from  the  smell  of  the  solution,  that  a not  inconsiderable  portion 
of  the  ammonia  is  present  in  the  uncombined  state,  since  only  ammonia,  j 
and  not  ammonium  hydroxide,  exists  in  the  gaseous  state  ; how  great  i I 
this  portion  is,  however,  is  unknown. 

The  electrolytic  dissociation  of  an  aqueous  solution  of  ammonia,  is  ; 
very  much  less  than  that  of  an  equivalent  solution  of  caustic  potash  or 
caustic  soda,  and,  therefore,  the  strength  of  ammonia  as  a base  is  much 
less  than  that  of  the  alkali  hydroxides.  In  a solution  containing  one 
mole  in  ten  litres,  the  concentration  of  hydroxidion  amounts  to  only 
0-016  of  that  in  a solution  of  caustic  potash,  and  only  at  a dilution  of 
100  litres  does  the  fraction  amount  to  as  much  as  0‘042.  Conse- 
quently, an  ammonia  solution  has  a much  more  feebly  basic  action 
than  a potash  solution,  and  is  employed  in  those  cases  where  such  a 
feeble  action  is  essential.  The  concentration  of  the  hydroxidion  becomes  t 
still  less  when  a large  quantity  of  ammonion  is  present  in  the  form  of 
an  ammonium  salt.  For  since,  with  a given  total  concentration  of 
ammonia,  the  product  of  ammonion  and  hydroxidion  must  have  a 
definite  value,  the  second  factor  will  diminish  as  the  first  increases.' 
The  relations  here  are  exactly  the  same  as  those  which  have  been 
explained  in  the  case  of  the  hydrion  of  acetic  acid  (p.  495). 

Connected  with  this  slight  degree  of  dissociation  is  the  fact  thatj 
an  aqueous  solution  of  ammonia  can  be  entirely  freed  from  itst 
ammonia  by  boiling,  in  spite  of  its  containing  ammonium  hydroxide: 

and  the  ions  of  this.  . 

This  property  is  used  for  the  detection  and  determination  oft 

ammonium  in  its  salts.  These  are  heated  with  an  excess  of  a strong: 
base  ; the  hydroxyl  of  the  latter  reacts  with  the  ammonium  with 
formation  of  water  and  ammonia,  and  the  latter  is  driven  off  bv  CbN 
heating  If  it  is  only  a case  of  detecting  the  presence  of  ammonia,  iti 
is  sufficient  to  hold  a piece  of  wet,  red  litmus  paper  over  the  heated- 
liquid  ; ammonia  turns  the  litmus  paper  blue.  For  the  same  P"rP°®e  a 
Mass  rod  moistened  with  strong  hydrochloric  acid  can  be  used  p.  338J 
If  it  is  desired  to  determine  the  amount  of  ammonia,  the  liquid . ^ 
distilled  into  a measured  amount  of  acid  of  known  titre  j after  the 
distillation,  the  amount  of  acid  which  has  not  been  neutralised  ? 
the  ammonia  is  determined  by  titration  with  a solution  of  h.mum 

h>  fl  Ammonium  Chloride. — Of  the  salts  of  ammonium  ammonium 
chloride  or  sal  ammoniac,  NH4C1,  is  the  best  known.  It  is  a wh  « 
salt  which  is  readily  soluble  in  water;  it  crystallises  in  the  legihM 
system,  but  has  a marked  tendency  to  imitate  the  forms  of  other  systems. 
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At  .about  450°  it  volatilises,  without  melting,  in  the  form  of  colourless 
vapours.  These,  however,  do  not  consist  of  ammonium  chloride,  but  are 
a mixture  of  hydrogen  chloride  and  ammonia.  This  is  seen  from  their 
density,  which  does  not  yield  the  value  53 '5,  the  molar  weight  of 
ammonium  chloride,  but  only  half  this  value.  It  can  be  easily  shown  by 
diffusion  (pp.  92 and  287)  that  the  vapour  is  indeed  a mixture;  the  lighter 
ammonia  passes  much  more  rapidly  through  a porous  partition  than 
the  heavier  hydrogen  chloride,  and  for  this  reason,  the  portion  which 
has  passed  through  reacts  alkaline,  the  portion  which  remains,  acid. 

* This  dissociation  occurs  only  when  the  ammonium  chloride  con- 
tains a trace  of  moisture.  If  the  salt  is  carefully  dried,  the  decom- 
position takes  place  so  slowly  that  its  density  in  the  undissociated 
state  can  be  determined.  That  we  are  here  dealing  with  a catalytic 
r:  acceleration  by  means  of  the  water  vapour,  follows  from  the  fact  that 
the  opposite  reaction,  the  combination  of  hydrogen  chloride  and 
in  ammonia  to  ammonium  chloride,  also  occurs  rapidly  only  in  presence  of 
water  vapour.  If  the  two  gases  are  very  carefully  dried,  they  can  be 
i mixed  without  any  fumes  of  ammonium  chloride  being  produced. 

; This  is  a good  example  of  the  general  law  that  a catalyser  which 
;i , accelerates  a certain  reaction,  must  also  accelerate  the  reverse  reaction. 

The  aqueous  solution  of  ammonium  chloride  exhibits  a feebly  acid 
: reaction  which  is  due  to  the  slight  hydrolysis  of  the  salt.  A small 
r amount  of  ammonion  reacts  with  hydroxidion  from  the  water  to  form 
cl.  ammonia  and  water,  and  the  corresponding  amount  of  hydrion  remains 
rj  over  and  causes  the  acid  reaction.  As  ammonium  chloride  is  a salt  of 
I the  strong  acid,  hydrochloric  acid,  hydrolysis  is  small,  but  will,  of 
-K  course,  become  all  the  greater  the  weaker  the  acid  of  the  ammonium 
I salt  is.  If  the  solution  is  heated  to  boiling,  a portion  of  the  ammonia 
' produced  distils  off,  and  the  acid  reaction  increases. 

Ammonium  chloi'ide  is  used  for  many  purposes,  both  in  the  labor- 
) atory  and  in  the  arts.  Its  use  in  soldering  depends  on  the  splitting 
1 off’  of  hydrogen  chloride  on  heating,  whereby  the  coating  of  oxide  on 
> the  metals  to  be  soldered  is  removed.  Its  further  applications  for 
I obtaining  those  chlorides  which  are  readily  decomposed  by  water  with 
it  loss  of  hydrogen  chloride,  and  as  “exciting  salt”  in  the  Leclanche 
U galvanic  cell,  also  depend  on  the  splitting  off  of  hydrogen  chloride. 

Ammonium  Bromide  and  Ammonium  Iodide  are  employed 
in  photography.  The  former  is  a white  salt  similar  to  ammonium 
1 chloride ; the  latter  is  also  white  when  pure,  but  it  is  difficult  to 
■’  preserve  it  colourless,  as  it  speedily  becomes  brown.  This  is  due  to 
I fact  that  it  is  slightly  dissociated  hydrolytically  when  it  becomes 
e moist  in  the  air,  i.e.  when  some  solution  is  formed.  The  hydriodic 
i acid,  however,  which  is  split  off  is  immediately  oxidised  by  the  atmo- 
rh  spheric  oxygen  (p.  234),  free  iodine  is  formed,  and  the  same  series  of 
I reactions  occurs  over  again.  The  salt  can  be  preserved  by  excluding 
air  and  moisture. 
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Ammonium  Nitrate. — This  salt  has  already  been  mentioned  on  j 
a former  occasion  (p.  341),  since  on  account  of  its  decomposition  into  * 
nitrous  oxide  and  water  on  heating,  it  is  used  for  the  preparation  of 
that  gas.  It  is  obtained  as  a very  soluble  salt  by  neutralising  nitric 
acid  with  ammonia  or  ammonium  carbonate,  and  evaporating.  When 
thrown  on  red  hot  charcoal,  it  decomposes  with  production  of  flame ; 
alone,  or  mixed  with  charcoal,  it  can  be  made  to  explode,  and  it  is  ■. 
therefore  used  in  the  preparation  of  explosives.  These  are  ignited 
with  difficulty,  and  can  therefore  be  used  without  danger.  Since  the  . 
substance  is  converted  completely  into  gases  and  vapours,  the  explosive  < 
effect  is  an  advantageous  one,  especially  as  the  nitrous  oxide  formed 
gives  out  a considerable  amount  of  heat  on  decomposing  (p.  331). 

Ammonium  Nitrite,  NH4N0.2,  is  of  interest  on  account  of  its 
ready  decomposability  into  water  and  nitrogen  (p.  341);  in  the  free  ■ 
state  it  is  known  only  as  a deliquescent  and  decomposable  crystalline 
mass. 

Ammonium  Sulphate,  (NH4)2S04,  is  isomorphous  with  potassium 
sulphate,  but  is  much  more  readily  soluble  in  water  than  the  latter. 
Similarly  to  potassium  sulphate,  it  forms  various  double  salts,  more  >. 
especially  with  the  divalent  sulphates  of  the  magnesium  group  and 
with  the  trivalent  sulphates  of  the  aluminium  family.  The  solution 
is  somewhat  more  strongly  dissociated  hydrolytically  than  that  of 
ammonium  chloride.  If  the  solid  salt  is  heated,  it  loses  ammonia  and  : 
passes  into  the  acid  ammonium  sulphate,  NH4HS04 ; this  is  a reaction 
which  is  peculiar  to  the  normal  ammonium  salts  of  all  polybasic  acids 

Ammonium  Phosphates. — Of  the  three  possible  ammonium 
phosphates,  only  the  first  two  are  knoAvn,  the  mono-  and  the  di- 
ammonium phosphate,  since  the  normal  salt  decomposes  so  readily  n 
into  ammonia  and  diammonium  phosphate  that  it  does  not  keep. 
The  salts  are  of  no  special  importance. 

A salt  which  is  better  known  is  sodium  ammonium  phosphate, 
NaNH4HP04  + 4H.20,  or  microcosmic  salt.  It  is  used  instead  of 
sodium  metaphosphate  for  blowpipe  experiments,  since  it  passes  into  M 
the  latter  salt  on  heating.  The  decomposition  takes  place  accord-  - 
ing  to  the  equation  NaNH4HP04  = NaPOs  + H20  + NH3.  Since  this 
decomposition  is  accompanied  by  a considerable  swelling  up  of  the 
salt,  it  is  more  convenient  not,  as  is  usually  done,  to  first  prepare  t 
the  “ phosphate  bead  ” on  the  platinum  wire  immediately  before  the 
experiment,  but  to  directly  employ  sodium  metaphosphate.  The  name 
microcosmic  salt  is  due  to  the  fact  that  the  compound  is  formed  in  the 
evaporation  of  human  urine  (decomposed  by  putrefaction).  This  liff'd  I 
excretion  of  the  useless  constituents  of  the  organism  was  regarded  by 
the  alchemists  as  an  extract  of  the  human  microcosm. 

Ammonium  Carbonate. — Normal  ammonium  carbonate  is  very 
unstable,  since  it  undergoes  with  great  readiness  the  general  deconi-  - 
position  of  the  ammonium  salts  of  polybasic  acids.  On  the  other  hand, 


RUBIDIUM,  CAESIUM,  LITHIUM,  AMMONIUM  505 


[,  XXII 

• 

the  acid  salt  NH4HC03  is  very  stable,  and  scarcely  smells  of  ammonia. 
It  crystallises  from  solutions  of  ammonia  which  have  been  saturated 
with  carbon  dioxide.  The  two  salts  combine  with  one  another  to  form 
a double  salt,  the  so-called  ammonium  sesquicarbonate  (NH4)2C03  + 
jBNHjHCOg,  which  forms  the  chief  constituent  of  commercial  ammonium 
carbonate.  The  latter  usually  also  contains  ammonium  carbamate  or 
the  ammonium  salt  of  carbamic  acid  (p.  394),  which  is  produced  from  the 
normal  carbonate  by  loss  of  water  : (NH4)2C03  = NH4OCONH,2  + H20. 

Ammonium  Sulphide. — The  two  compounds  which  sulphuretted 
hydrogen  can  form  with  ammonium  are  largely  employed  in  the 
laboratory.  They  are  prepared  by  passing  sulphuretted  hydrogen  gas 
through  a strong  solution  of  ammonia.  With  excess  of  sulphuretted 
hydrogen,  ammonium  hydrosulphide,  NH4HS,  is  formed  in  the  solution; 
if  to  this  is  added  as  much  ammonia  as  was  originally  taken,  a solution 
of  ammonium  sulphide,  (NH4)2S,  is  obtained.  The  latter  solution  does 
not  contain  solely  ammonium  sulphide  and  its  ions,  any  more  than  the 
i corresponding  compound  is  alone  contained  in  the  solution  of  the 
i alkali  sulphides  (p.  460) ; on  the  contrary,  hydrolysis  proceeds  further 
in  this  case  than  in  that  of  the  latter,  for  we  are  here  dealing  with  the 
salt  of  a weak  base  with  a weak  acid.  For  those  reactions,  however, 
in  which  sulphidion  is  consumed,  the  actual  condition  of  the  solution 
is  of  comparatively  little  importance,  since  the  sulphidion  which  is  used 
up  in  the  reaction  can  be  produced  afresh  in  proportion  as  it  passes 
out  of  the  solution. 

Both  the  above  salts  can  be  obtained  in  the  solid  state  by  mixing 
sulphuretted  hydrogen  and  ammonia  gas  in  the  necessary  propor- 
tions : NH3  + H2S  = NH4HS  and  2NH3  + H,S  = (NH4)2S.  In  this  way, 
crystalline  masses  are  obtained  the  vapour  density  of  which  shows  that, 
on  vaporisation,  they  again  decompose  into  their  components.  The 
sulphide  is  exceedingly  readily  volatile,  the  hydrosulphide  less  so. 

In  the  case  of  ammonium  hydrosulphicle,  thorough  investigations, 
have  been  made  concerning  the  equilibrium  between  the  solid  salt  and 
its  vapour.  If  we  denote  the  concentrations  of  the  ammonia  and  of 
the  sulphuretted  hydrogen  by  a and  b respectively,  and  by  c the  con- 
1 centration  of  ammonium  hydrosulphide  in  the  vajjour  (this  is,  indeed, 
very  small  but  not  zero),  then,  in  accordance  with  the  general  equation 
of  equilibrium  (p.  326),  we  have  the  relation  ab/c  = 1c.  The  concentra- 
tion  of  the  undissociated  ammoniun  hydrosulphide  is  dependent  solely 
on  the  temperature,  since,  according  to  Dalton’s  law,  the  vapour  pres- 

5 sure  of  a given  substance  remains  the  same  whether  other  substances 
are  present  in  the  gas  space  or  not.  For  each  temperature,  therefore, 
the  product  ab  must  also  be  constant.  It  is  a case  of  an  equilibrium, 
therefore,  which  is  perfectly  similar  to  that  between  a solid  salt  and  its 
partially  ionised  solution  (p.  440).  As  a matter  of  fact,  also,  the 
following  peculiarities  were  found  : — 

(a)  If  there  is  no  excess  of  one  of  the  components  in  the  gas  space 
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(a  = b),  a definite  dissociation  pressure  is  established  which  is  dependent 
only  on  the  temperature,  and  not  on  the  relative  amounts  of  solid  sub- 
stance and  vapour. 

This  follows  from  the  equation,  for  if  a = b,  the  value  of  c can 
depend  only  on  the  temperature  ; for  the  equation  then  assumes  the  ' 
form  a-2  = Jcc,  and  h as  well  as  a depends  only  on  the  temperature. 

(b)  Less  of  the  solid  substance  evaporates  into  a space  in  which 
ammonia  or  sulphuretted  hydrogen  is  already  present ; the  effect  of 
equal  excesses  of  the  two  gases  is  equal.  This  also  corresponds  to 
the  equation,  for  the  expression  ab/c  is  symmetrical  in  respect  of 
■a  and  b. 

* The  equilibrium  of  ammonium  sulphide  would  necessarily  be 
represented  by  an  equation  of  the  form  a2b/c  — Jc,  because  two  moles 
of  ammonia  react  with  one  mole  of  sulphuretted  hydrogen.  The 
decomposition . of  ammonium  sulphide,  however,  does  not  take  place 
in  such  a ,way  that  the  two  gaseous  components  are  formed,  but 
in  such  a way  that  ammonium  hydrosulphide  is  produced  along  with 
free  ammonia.  The  conditions  of  equilibrium  become  thereby  compli- 
cated, and  will  not  be  discussed  here. 

The  aqueous  solution  of  ammonium  sulphide  rapidly  becomes  . 
coloured  yellow  in  the  air,  because  the  sulphuretted  hydrogen  which 
is  split  off  by  hydrolysis  is  oxidised  by  the  atmospheric  oxygen  (ride 
p.  275);  the  sulphur  which  is  formed  dissolves  in  the  excess  of 
ammonium  sulphide  to  form  polysulphides,  corresponding  to  the  alkali 
polysulphides  (p.  461).  A tetra-  and  a heptasulphide  of  ammonium, 
(NH4)2S4  and  (NH4)2S7,  have  been  prepared  in  the  solid  state. 

In  the  laboratory,  ammonium  sulphide  is  used  for  the  precipitation  of 
those  metallic  sulphides  which  are  dissolved  by  free  acids.  The  theory 
of  these  precipitations  has  already  been  given  (p.  274).  Potassium  or 
sodium  sulphide  have  the  same  action,  but  ammonium  sulphide  is 
preferred,  because  an  excess  of  it  can  be  more  easily  removed  from  the 
solution. 

Yellow  ammonium  sulphide  is  used  for  dissolving  those  metallic 
sulphides  whose  higher  sulphur  compounds  can  pass  into  thio-acids 
and  form  soluble  ammonium  salts.  Tin  sulphide  is  an  example 
of  this.  Further  information  on  this  point  will  be  given  under  the 
respective  metals. 

Besides  being  used  for  obtaining  sulphur  compounds,  ammonium 
sulphide  is  also  used  as  a reducing  agent,  especially  in  organic 
chemistry.  The  action  depends  on  the  corresponding  properties  of 
sulphuretted  hydrogen  (p.  275);  ammonium  sulphide  has  the  advan- 
tage that  the  reagent  can  be  used  in  a much  more  concentrated  form 
than  the  slightly  soluble  sulphuretted  hydrogen.  Hydrogen  is  used 
up  in  the  reaction,  the  sulphur  is  precipitated,  and  ammonia  is 
liberated.  Fresh  sulphuretted  hydrogen  can  then  be  passed  into  the 
solution,  if  it  is  necessary  to  continue  the  reduction. 
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General  Remarks  on  the  Alkaline  Earth  Metals. — The  metals 
of  this  new  group  are  distinguished  from  the  alkali  metals,  essentially 
by  their  power  of  exclusively  forming  divalent  ions.  This  is  seen 
from  the  fact  that,  e.g.,  the  amount  of  calcion  which  can  combine 
with  a given  amount  of  cliloridion,  does  not  depress  the  freezing 
point  of  the  aqueous  solution  by  the  same  amount  as  the  chloridion, 
but  onlj7  by  half  as  much.  One  molar  weight  of  calcion,  therefore, 
combines  not  with  one  but  with  two  molar  weights  of  chloridion,  and 
for  this  reason  it  must  be  regarded  as  divalent. 

* Since  the  different  ions  cannot  be  handled  separately,  the  above 
result  was  obtained  indirectly.  If  very  dilute  solutions  of  potassium 
chloride  and  of  calcium  chloride  are  prepared,  in  which  the  concen- 
trations of  the  chloridion  are  the  same,  and  the  freezing  points  are 
determined,  the  depressions  of  the  latter  are  not  equal  but  are  in  the 
ratio  of  4 : 3.  Since,  in  the  case  of  potassium  chloride,  an  equal  share 
of  the  depression  is  due  to  each  of  the  ions,1  the  share  of  the  chloridion 
in  the  solution  of  calcium  chloride  must  also  be  put  equal  to  two,  and 
the  calcion  has  only  the  effect  one,  i.e.  acts  half  as  strongly  as  the 
potassion.  From  this  the  above  conclusion  follows. 

Other  differences,  although  not  so  decisive,  are  found  in  the 
solubility  relations  of  the  salts.  Thus,  for  example,  the  normal 
carbonates  and  phosphates  of  the  alkaline  earth  metals  are  very 
difficultly  soluble  in  water,  indeed  it  is  only  the  alkali  metals  that 
can  form  readily  soluble  salts  with  the  ions  carbanion  and  phosphanion 
(and  with  a series  of  similar  ions).  It  has,  however,  just  been 
specially  mentioned  that  in  this  respect  lithium  forms  a transition. 

The  metals  of  this  group  are  less  sensitive  to  free  oxygen  and  to 
oxygen  compounds  than  the  alkali  metals ; they  are  also  much  less 
readily  fusible  and  volatile  than  the  latter.  Here  also  the  same  gra- 

• ^ I1'3  is  seen  from  the  fact  that  one  mole  ( = 74'6  gm.)  of  potassium  chloride  gives  a 

depression  of  the  freezing  point  which  is  twice  as  great  as  that  given  by  one  mole  of  an 
undissociated  substance. 
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elation  is  observed,  for  the  tendency  to  combination  with  oxygen  and 
to  ion  formation  is  least  in  the  case  of  the  elements  with  small  com- 
bining weight,  and  distinctly  increases  as  the  combining  weight  rises. 
The  hydroxides  of  the  alkaline  earth  metals  are  slightly  soluble  in 
water,  but  in  their  solutions  they  are  dissociated  into  their  ions  just 
as  the  hydroxides  of  the  alkali  metals. 

Calcium. — The  compounds  of  calcium  have  an  exceedingly  wide 
distribution  in  the  earth’s  crust,  and  form  one  of  the  most  abundant 
constituents  of  the  latter.  It  is  the  carbonate  chiefly  that  occurs  in 
nature ; in.  the  silicates  of  the  earth’s  crust,  also,  calcium  is  seldom 
absent.  The  element  also  takes  part  in  the  most  varied  way  in  the 
building  up  of  the  organisms. 

Metallic  calcium  was  comparatively  late  in  being  prepared  in  the 
pure  condition.  Davy  and  Berzelius,  at  the  beginning  of  the  nine- 
teenth century,  attempted  to  obtain  it  from  the  electrolytically 
prepared  amalgam  by  distilling  off  the  mercury,  but  they  did  not 
obtain  a sufficiently  pure  material  to  allow  of  its  properties  being 
ascertained.  Nor  have  the  later  experiments  carried  out  by  different 
investigators  yielded  a pure  metal,  as  can  be  judged  from  the  contra- 
dictory statements  regarding  its  properties.  The  most  recent  in- 
vestigations, in  which  calcium  iodide  was  decomposed  with  sodium 
whereby,  after  removal  of  the  excess  of  sodium,  crystallised  calcium  is 
obtained,  show  that  this  element  is  a white  (not,  as  previously  stated, 
a yellow)  metal  which  can  be  re-melted  in  a vacuum  at  760 J and 
can  then  be  cut ; it  is,  however,  not  so  soft  as  potassium.  It  is  not 
affected  by  oxygen,  chlorine,  bromine,  or  iodine  at  the  ordinary 
temperature,  but  combines  with  these  only  on  being  heated.  When 
heated  in  the  air,  it  burns,  forming  a compound  both  with  the  oxygen 
and  the  nitrogen.  It  is  only  slowly  attacked  by  water,  but  quickly 
by  dilute  acids. 

Calcion. — Calcium  forms  only  one  kind  of  ion,  viz.  divalent  calcion, 
Ca".  The  heat  of  formation  of  this  from  the  metal  is  458  kj.  In 
using  this  number  for  the  calculation  of  the  heats  of  formation  of  dis- 
solved calcium  salts,  it  has  to  be  noticed  that  the  heats  of  formation  of 
monovalent  anions  must  be  doubled  in  the  calculation. 

Solutions  which  contain  calcion  have  no  immediately  conspicuous 
properties  ; thus,  they  are  colourless  when  no  other  substance  possess- 
ing a colour  is  present.  Since  there  are  a considerable  number  of 
difficultly  soluble  calcium  salts,  there  are  a correspondingly  large  num- 
ber of  substances  by  means  of  which  precipitates  can  be  produced  in 
solutions  containing  calcion.  For  our  purpose,  two  of  these  are  especi- 
ally important,  viz.,  the  anion  of  carbonic  acid,  CO./7,  and  that  of  oxalic 
acid,  C204".  The  latter,  more  especially,  is  a specific  reagent  for  calcion; 
for  it  forms  with  it  the  very  difficultly  soluble  calcium  oxalate,  vhich 
is  deposited  as  a fine,  white  precipitate  when  the  two  kinds  of  ions 
come  together  in  solution. 
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No  “complex”  ions  are  known  in  which  calcium  forms  a part; 
wherever,  therefore,  calcium  is  present  in  aqueous  solution,  calcion  is 

also  present.  _ 

Calcium  Hydroxide  and  Calcium  Oxide.  — Its  ion  being 
divalent,  calcium  unites  with  two  combining  weights  of  hydroxyl  to 
form  calcium  hydroxide,  Ca(OH)2.  This  compound,  whose  common 
name  is  lime  or  slaked  lime,  is  a white  powder  which  is  only  very 
slightly  soluble  in  water.  One  litre  of  water  dissolves  about  2 gm.  of 
lime.  The  solubility  decreases  with  rising  temperature,  so  that  lime- 
water  (as  the  solution  of  calcium  hydroxide  is  usually  called)  which  has 
been  saturated  at  the  room  temperature  becomes  distinctly  turbid 
when  heated  to  boiling.  This  behaviour  is  connected  with  the  fact 
that  calcium  hydroxide  dissolves  in  water  with  evolution  of  heat. 

The  aqueous  solution  exhibits  the  character  of  hydroxidion  in  its 
alkaline  reaction  towards  vegetable  colours,  such  as  litmus,  etc.  The 
determination  of  the  electrical  conductivity  shows  that  the  electrolytic 
, dissociation  in  solution  is  almost  complete  ; in  this  sense,  therefore, 

, calcium  hydroxide  is  a strong  base.  Since,  however,  its  slight  solu- 
bility allows  of  only  a correspondingly  small  concentration. of  hydroxid- 
ion being  attained,  lime-water  is  used  in  medicine  as  well  as  in  the 
laboratory,  in  cases  where  it  is  desired  to  produce  only  slightly’-  basic 
effects. 

In  the  air,  lime-water  becomes  covered  with  a thin-  film  consisting 
of  calcium  carbonate,  which  is  very  difficultly  soluble  in  water.  If  a 
gas  which  contains  even  only  a small  amount  of  carbon  dioxide  is 
j passed  through  clear  lime-water,  this  at  once  becomes  turbid  owing  to 
the  separation  of  carbonate.  For  this  reason,  lime-water  is  greatly 
used  as  a reagent  for  carbon  dioxide  and  carbonates. 

Lime-water  is  prepared  by  shaking  up  lime  with  water  and  allow- 
ing the  mixture  to  stand  in  a closed  bottle  until  the  excess  of  solid 
has  sunk  to  the  bottom  ; the  clear  liquid  which  is  left  is  used  directly. 

I Filtration  is  a useless  labour,  since  in  contact  with  the  air  so  much 
carbon  dioxide  is  taken  up  that  the  liquid  becomes  turbid,  and  an  in- 
definite amount  of  the  dissolved  lime  is  lost. 

On  account  of  its  small  solubility,  lime  is  frequently  emplo}red  as  a 
mechanical  suspension  in  water.  If  the  mixture  so  obtained  is  a thin 
liquid,  it  is  called  milk  of  lime  ; if  not,  it  is  called  lime  paste.  Since  of 
all  the  strong  bases  lime  is  by  far  the  cheapest,  it  is  employed  in 
chemical  manufactures  in  all  cases  where  a strong  base  is  necessary, 
and  where  its  properties,  or  the  properties  of  the  compounds  formed, 
allow  of  it. 

Calcium  hydroxide  is  obtained  exclusively  from  calcium  oxide, 
which,  in  turn,  is  obtained  by  heating  calcium  carbonate.  For  since 
! calcium  hydroxide  contains  two  combining  weights  of  hydrogen,  it 
.gives  rise  to  the  formation  of  an  anhydride  with  comparative  ease,  just 
as  many  dibasic  oxyacids  give  an  anhydride  more  easily  than  mono- 
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basic  acids.  At  the  temperature  of  a red  heat,  calcium  hydroxide 
loses  water  and  yields  calcium  monoxide  or  calcium  oxide  : Ca(OH)., - 
H.,0  = Ca0;  and,  conversely,  calcium  hydroxide  is  readily  obtained 
from  the  latter  by  absorption  of  water. 

The  method  of  obtaining  calcium  oxide  (quick-lime)  depends,  as  has 
been  mentioned,  on  the  decomposition  of  calcium  carbonate  when 
heated.  This  salt  decomposes  into  calcium  oxide  and  carbon  dioxide : 
CaCO:!  = CaO  + C02.  The  very  interesting  secondary  conditions  con- 
nected with  this  decomposition  will  be  given  later. 

The  quicklime  obtained  in  the  above  manner  forms  irregular 
lumps,  which  exhibit  on  a smaller  scale  the  form  of  the  limestone  em- 
ployed, and  is  generally  coloured  brown  or  gray.  The  colour,  how- 
ever, is  due  only  to  impurities  ; if  pure  calcium  carbonate,  e.rj.  white 
marble,  is  used,  the  quicklime  is  also  white. 

When  exposed  to  the  air,  quicklime  takes  up  water  and  carbonic 
acid  and  crumbles  to  a white  powder,  which  is  a mixture  of  calcium 
hydroxide  and  calcium  carbonate  ; in  this  process  the  substance  ex- 
pands very  considerably.  If  quicklime  and  water  are  brought  into 
contact  with  one  another  in  the  cold,  no  action,  apparently,  takes 
place  ; gradually,  however,  the  mass  becomes  warm,  and  then  the  two 
substances  rapidly  combine  with  considerable  evolution  of  heat  to  form 
hydroxide.  This  process  is  called  the  slaking  of  lime.  If  not  too  large 
a quantity  of  water  has  been  taken,  the  heat  evolved  is  sufficient  to 
drive  off  the  excess  of  water,  and  a snow-white,  dry  powder  of  calcium 
hydroxide,  considerably  increased  in  bulk,  is  obtained.  If,  however, 
the  product  is  intended  to  be  used  directly,  more  water  is  taken,  and  a 
thick,  white  paste  is  obtained  which  contains  the  slaked  lime  in  a state 
of  very  fine  division,  specially  suitable  for  its  further  use. 

Quicklime  is  very  resistant  to  heat,  as  it  does  not  melt  below 
about  3000°.  It  is  used,  therefore,  in  the  manufacture  of  heat-resisting 
apparatus,  especially  for  the  fusion  of  platinum  in  the  oxyhydrogen 
blowpipe.  If  heated  to  about  2000°,  quicklime  emits  a very  strong, 
white  light.  The  “ lime  light  ” produced  by  the  oxyhydrogen  blow- 
pipe, which  was  formerly  very  important,  has  greatly  lost  in  import- 
ance through  the  ease  with  which  a very  powerful  electric  light  can  be 
obtained. 

Soda  Lime  is  a material  very  largely  used  in  the  laboratory  for 
the  purpose  of  absorbing  carbon  dioxide  in  analysis,  and  for  other  pur- 
poses. It  is  not  a chemical  compound,  but  a mechanical  mixture  which 
is  prepared  by  slaking  quicklime  with  a solution  of  caustic  soda  and 
drying  the  paste  produced.  Soda  lime  acts  best  when  used  in  not  too 
fine  grains  ; it  can  be  obtained  in  this  form  commercially.  In  the 
absorption  of  carbon  dioxide,  water  is  liberated.  The  soda  lime  is 
usually  placed  in  U-tubes,  and  at  the  end  at  which  the  gases  issue,  a 
short  layer  of  calcium  chloride  is  placed  in  order  to  retain  the  escaping 
water: 
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I Calcium  Carbonate. — It  has  already  been  stated  that  calcium 
carbonate  is  the  most  widely  distributed,  and  therefore  also  the  most 
important  salt  of  this  metal.  In  various  forms  as  limestone,  chalk, 

| marble,  etc.,  it  forms  large  rocky  masses,  which  always  go  on  increas- 
ing by  reason  of  the  processes  taking  place  on  the  earth’s  surface. 

(The  naturally  occurring  calcium  carbonate  is  found  in  two  different 
crystalline  forms,  which  in  their  pure  formations  are  known  as  calc- 
spar  and  aragonite.  Calc-spar  has  the  density  2 '71,  and  crystallises 
in  the  trigonal  system,  generally  in  rhombohedra ; aragonite  has  the 
i4  density  2 -94,  and  crystallises  in  rhombic  prisms. 

* When  at  the  commencement  of  the  nineteenth  century  it  was 
|i'  established  by  the  methods  of  quantitative  analysis,  which  had  just 
j then  been  elaborated,  that  these  two  well-known  minerals  have  a per- 
fectly identical  composition,  one  came  into  conflict  with  the  then 
>:  accepted  principle  that  different  form  and  different  composition  always 
ic  correspond  to  one  another.  An  apparent  explanation  was  yielded  by 
:i;  the  discovery  in  aragonite  of  strontium,  whose  carbonate  crystallises 
in  the  same  forms  as  aragonite ; the  explanation  was,  however,  only  a 
M]  passing  one,  for  specimens  of  aragonite  were  soon  found  in  which 
no  trace  of  strontium  could  be  detected.  Not  until  it  was  discovered 
in  a number  of  other  substances,  especially  in  the  case  of  sulphur 
.i  (p.  253),  that  these  could  have  different  forms  although  possessing 
i the  same  composition,  was  the  conception  of  polymorphism  (p.  238) 
f | put  forward  by  Mitscherlich,  and  the  explanation  of  the  regularity 
which  is  here  present  given. 

Calc-spar  and  aragonite  are  monotropic  (p.  255);  and  calc-spar  is 
i the  stable,  aragonite  the  unstable  form.  This  follows  from  the  fact 
4 thafc  aragonite,  on  being  heated  to  about  300°,  changes  spontaneously 
4 iuto  calc-spar,  whereby  it  swells  up  and  crumbles  to  a sandy  powder 
H possessing  the  density  of  calc-spar.  Further,,  that  the  above  is  the 
* case  is  shown  by  the  fact  that  aragonite  is  more  readily  soluble  than 
I calc-spar. 

; The  determination  of  such  small  solubilities  as  those  of  the  two 

:i  forms  of  calcium  carbonate,  is  accomplished  by  measurement  of  the 
» electrical  conductivity.  The  conductivity  of  as  pure  water  as  possible 
> increases  by  a measurable  amount  when  it  is  brought  into  contact  with 
- the  above  substance,  and  this  increase  is  about  15  per  cent  greater 
in  the  case  of  aragonite  than  in  the  case  of  calc-spar. 

Besides  these  two  crystalline  forms  of  calcium  carbonate,  there  is 
- also  an  amorphous  form  which  is  always  the  first  to  appear  when 
1 calcium  carbonate  is  precipitated  from  a solution.  This  form  is  the 
| least . stable,  and  therefore,  also,  the  most  soluble  ; it  is  so  soluble 
tj  that  it  has  an  alkaline  reaction  to  litmus.  At  a higher  temperature 
' j ^ rea(%  passes  into  aragonite,  which  is  converted  only  exceedingly 
1 slowly  into  calc-spar ; at  low  temperatures,  it  is  converted  directly 
' 'junto  calc-spar.  When,  therefore,  calcium  carbonate  has  been  obtained 
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by  precipitation,  either  in  analysis  or  in  its  preparation,  it  must  be  -r  j 
xdlowed  to  stand  some  time,  preferably  in  the  heat,  in  order  that  the  « j 
amorphous  soluble  salt  may  be  converted  into  the  difficultly  soluble,  J 

crystalline  form.  , j| 

The  purest  naturally  occurring  form  of  calc-spar,  which  is  found  ; 
chiefly  in  Iceland,  is  called  Iceland  spar.  By  reason  of  the  peculiar  i 
way  of  refracting  light  possessed  by  the  monoaxial  crystals,  the  large  ■ { 
and  perfectly  transparent  crystals  in  which  this  form  occurs  show 
objects  double,  owing  to  the  light  being  resolved  into  two  bundles  of  r 
polarised  rays.  On  account  of  this  property,  these  crystals  are  much 
used  for  optical  instruments  ; Iceland  spar  is  used  more  especially  for  1 
the  construction  of  prisms  for  polarising  light. 

Marble  and  limestone  are  more  finely  crystalline  and  less  pure  j 
forms  of  calc-spar  ; both  consist  of  small,  intergrown  crystals  of  calc-  ;j 
.spar.  Finally,  chalk  consists  of  small,  roundish  grains;  that  these  - 
are  of  calc-spar  is  not  quite  certain. 

# That  the  naturally  occurring  aragonite,  which  jn  some  cases  is  >• 
undoubtedly  thousands  of  years  old,  has  not  yet  been  entirely  con-  i 
verted  into  calc-spar,  is  to  be  accounted  for  by  the  exceeding  slowness  * 
of  the  transformation.  In  many  places  where  accelerating  influences  - 
have  been  at  work,  pseudomorphs  of  calc-spar  on  aragonite,  i.e.  masses  - 
having  the  outward  form  of  aragonite  but  whose  substance  has  become  e 

converted  into  calc-spar,  can  be  found. 

When  calcium  carbonate  is  heated,  it  decomposes  into  calcium 
oxide  and  carbon  dioxide.  This  chemical  process,  lime  burning,  is  - 
one  of  the  oldest  chemical  operations,  for  the  lime  which  is  formed 
has  been  used  as  mortar  for  thousands  of  years.  Decomposition  takes - 
place  in  accordance  with  the  law  that  for  each  temperature  there  is  a 
definite  concentration,  or  a definite  pressure,  of  the  carbon  dioxide,  at  J 
which  equilibrium  exists.  If  this  pressure  is  increased,  carbon  dioxide 
is  taken  up  by  the  lime  present ; if  it  is  diminished,  another  portion 
of  the  carbonate  decomposes,  until  the  equilibrium  pressure  has  been  ■ 
again  established.  In  the  following  table  a number  of  different  tem- 
peratures with  the  corresponding  pressures  are  given 


Temperature. 

547° 

610° 

625° 

740° 

745° 

810° 

812° 

865° 


Pressure  in  cm.  mercury. 

2-7 

4'6 

5'6 

25-5 

28-9 

67-8 

75-3 

133-3 


The  equilibrium  or  dissociation  pressure  of  calcium  carbonate 
follows  the  same  law  as  the  vapour  pressure  of  a volatile  liquid  ; in 
particular,  it  is  independent  of  the  proportions  in  which  the  two  solid 
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jt  substances,  calcium  carbonate  and  lime,  are  present ; it  is  also  inde- 
i!  pendent  of  the  relative  amounts  of  the  solid  and  gaseous  phases. 

* This  follows  as  a necessary  consequence  from  the  phase  law. 
E There  are  two  components,  lime  and  carbon  dioxide,  from  which  all 
the  phases  present  can  be  compounded.  Since  there  are  three  phases 
i present,  viz.,  carbon  dioxide,  lime,  and  calcium  carbonate,  there  is  still 
; one  degree  of  freedom,  i.e.  to  each  temperature  there  corresponds 
it  a perfectly  definite  pressure,  and  the  amounts  of  the  phases  have  no 
j influence. 

As  an  examination  of  the  table  shows,  the  “ burning  ” of  lime  by 
•i  mere  heating  cannot  be  carried  out  under  a temperature  of  812°,  since 
V it  is  not  till  this  temperature  that  the  pressure  of  the  carbon  dioxide 
I;  reaches  one  atmosphere  and*  the  escape  of  gas  is  assured.  Since,  how- 
j ever,  this  equilibrium  depends  not  on  the  absolute  pressure  but  only 
| on  the  partial  pressure  of  the  carbon  dioxide,  the  decomposition  can 
j be  carried  out  at  a much  lower  temperature  by  keeping  the  partial 
f pressure  of  the  carbon  dioxide  sufficiently  low.  This  can  be  done  by 
■ allowing  another  gas,  most  simply  air,  to  stream  over  the  heated  car- 
; bonate  ; at  each  moment,  then,  there  escapes  (at  most)  so  much  carbon 
I dioxide  that  the  partial  pressure  corresponding  to  the  particular  tem- 

Iperature  is  established. 

The  great  similarity  which  this  phenomenon  bears  to  that  of  the 
boiling  and  evaporation  of  volatile  liquids,  is  easily  seen.  The  tem- 
perature of  812°  is,  so  to  say,  the  boiling  point  of  calcium  carbonate. 
The  use  of  lime  for  mortar,  which  has  already  been  mentioned  several 
t times,  depends  on  the  converse  change  into  calcium  carbonate.  Mortar 
. is  a mixture  of  lime,  sand,  and  water ; in  using  it,  the  stones  which 
'>  have  to  be  cemented  together  are  moistened  with  water,  a layer  of 
’ mortar  is  introduced  between  them,  and  the  whole  is  left  to  the 
i influence  of  the  atmosphere.  By  means  of  the  carbon  dioxide  which 
1 die  latter  contains,  the  calcium  hydroxide  is  slowly  converted  into  car- 
f bonate,  water  being  thereby  set  free  : Ca(OH)2  + C02  = CaC03  + Ho0. 

The  crystals  of  carbonate,  which  are  slowly  formed”,  unite  with  one 
f;  mother  and  pass  partly  into  the  pores  of  the  stones,  the  solubility  of 
e!  be  lime  enabling  a certain,  although  small,  amount  of  it  to  get  in  there. 

I;  in  this  way  the  well-known  firm  cementing  together  is  gradually  pro- 
l luced>  and  becomes  firmer  as  time  goes  on,  since  even  in  very  old 

inortar  there  is  usually  a certain  amount  of  hydroxide  present. 

The  fact  that  water  is  set  free  in  the  hardening  of  mortar  under  the 
action  of  carbon  dioxide  is  the  explanation  of  the  phenomenon  that 
iewly  built  plaster  walls,  even  when  they  appear  dry,  again  become 
[ Fefc  when  the  rooms  are  inhabited,  for  more  water  is  set  free  bv  the 
increased  amount  of  carbon  dioxide  derived  from  the  expired  breath  of 
».  ne  inhabitants.1  The  common  method  of  drying  newly  built  houses 
' *y  means  of  open  coal  fires  depends,  therefore,  for  its  action,  not  only 

1 An  adult  man  expires  daily  about  1 kgrn.  of  carbon  dioxide. 
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on  the  heat  produced,  but  at  least  as  much  on  the  carbon  dioxide  t 
formed  ; for  this  reason  it  is  important  that  this  latter  be  not  agaii  { 
removed  by  means  of  a strong  draught  of  air,  but  that,  on  the  con  j 
trary,  the  change  of  air  should  be  limited  so  as  to  allow  of  a lon^  A 
period  of  action. 

Calcium  Bicarbonate. — The  solubility  of  calcium  carbonate  (ii 
both  its  forms)  increases  considerably  when  carbon  dioxide  is  presen  1 i 
in  the  water.  This  is  due  to  the  formation  of  calcium  bicarbonate,  i 
Ca(HC03),.  This  salt  is  not  known  in  the  solid  state,  but  the 

increase  in  the  solubility,  just  mentioned,  is  without  doubt  to  b i : 
accounted  for  by  the  formation  of  the  monovalent  hydrocarbanioi  i 
HCO./,  because  every  case  of  increase  of  the  solubility  of  a sal  : 
depends  on  the  decrease  of  its  original  ions  or  on  the  formation  of  nev 
ions  in  the  solution  (p.  439). 

In  answer  to  the  question  why  calcium  bicarbonate  cannot,  likis 
potassium  or  sodium  bicarbonate,  be  prepared  in  the  solid  state,  i 
must  be  remarked  that  the  dissociation  pressure  of  carbon  dioxidi- 
from  the  solid  salt  has  probably  a considerable  value  even  at  the 
ordinary  temperature.  For  it  would  be  just  as  little  possible  tt 
prepare  the  bicarbonate  of  the  alkali  metals  from  their  solutions  if  oik 
were  compelled  to  work  at  100°,  without  employing  a higher  pressure 
By  increasing  the  pressure  of  the  carbon  dioxide,  and  keeping  the  tem- 
perature as  Ioav  as  possible,  there  is  first  of  all  an  increase  in  th( 
amount  of  bicarbonate  formed  in  the  solution  ; when  in  this  way  thi 
point  of  saturation  has  been  reached  and  exceeded,  the  bicarbonate  o: 
the  metal  present  must  separate  out  in  the  solid  state. 

To  the  ready  decomposability  of  the  bicarbonate  is  due  the  migra 
tion  of  calcium  in  nature.  In  localities  where  carbon  dioxide  is  formeo 
and  absorbed  by  water,  it  at  once  proceeds  to  dissolve  the  calciuml 
which  is  everywhere  present,  and  thus  spring  water,  and,  to  a smaller 
extent,  also  river  water,  carries  off  corresponding  amounts  of  calcium 
in  solution.  This  is  deposited  as  normal  carbonate  when  by  any 
means  (evaporation  in  the  air,  or  consumption  by  organisms)  carbor 
dioxide  escapes  from  the  water.  In  athe  case  of  waters  rich  in  cam 
bonic  acid,  e.g.  those  of  Carlsbad,  this  process  is  very  distinctly  seen : 
for  the  carbon  dioxide  which  is  dissolved  under  excess  of  pressure 
rapidly  escapes,  and  causes  the  water  to  immediately  deposit  large, 
quantities  of  calcium  carbonate  (thermal  tuff). 

The  large  amounts  of  calcium  which*  are  in  this  way  introduced 
into  the  ocean,  are  to  a very  considerable  extent  separated  from  it  by1 
the  organisms  which  live  there,  and  which  use  the  calcium  carbonate  to 
build  up  their  shells  and  framework.  Another  portion  is  deposited 
in  consequence  of  the  consumption  of  the  carbon  dioxide  by  tnei 
marine  vegetation.  In  the  course  of  time  all  these  masses  ar 
deposited  on  the  sea  floor,  and  there  give  rise  to  the  very  exte 
give  layers  of  calcium  carbonate  which,  in  the  form  of  limestone. 
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constitute  such  a considerable  portion  of  the  earth’s  crust.  It  has 
already,  on  a former  occasion  (p.  423),  been  stated  that  by  the  abovo 
process  more  and  more  carbon  is  gradually  withdrawn  from  the 
organisms,  because  the  chemical  reactions  by  means  of  which  the 
••  carbon  dioxide  is  again  withdrawn  from  the  limestone  are  neither  very 
numerous  nor  very  productive. 

* The  solvent  action  of  water  containing  carbonic  acid  is  the  cause 
that  practically  no  fossils,  i.e.  remains  of  former  organisms,  are  found 
in  sandstone  formations.  For  these  remains  consist  chiefly  of  the 
skeletal  portions  formed  of  calcium  carbonate.  Where  the  embedding 
rocks  are  formed  by  calcium  carbonate,  the  infiltrating  water  is  satu- 
rated with  this  salt,  and  does  not  therefore  attack  these  remains.  In 
• sandstone,  however,  which  consists  of  quartz,  the  water  contains  an 
excess  of  carbon  dioxide,  and  therefore  exerts  a solvent  action  on  any 
calcium  carbonate  present.  If  the  dissolution  does  not  occur  till  after 
the  object  has  become  surrounded  by  a hard  crust,  although  the  object 
itself  is  dissolved,  there  remains  a hollow  mould  which  subsequently 
becomes  filled  with  other  material,  and  in  this  way  many  forms  have 
been  preserved. 

The  dissolved  salts  of  the  alkaline  earth  metals  are  the  cause  of 
the  “ hardness  ” of  water,  a property  which  finds  expression  in  the  fact 
that  such  water  cannot  be  used  for  washing.  This  is  due  to  the  soap 
i.  reacting  with  those  -soluble  salts  to  form  insoluble  compounds  which 
are  not  suitable  for  washing  purposes.  Since  the  carbon  dioxide  con- 

Itained  in  the  water  can  be  removed  by  boiling,  and  the  corresponding 
amount  of  calcium  carbonate  be  thereby  precipitated,  the  hardness  of 
v a water  containing  bicarbonate  is  thus  diminished.  A distinction  is 
1 therefore  drawn  between  temporary  and  permanent  hardness  ; the 
!■  former  is  caused  by  the  calcium  which  is  dissolved  as  bicarbonate  and 
i disappears  on  boiling,  the  latter  is  due  to  other  calcium  (and  mag- 
V-  nesium)  salts,  and  continues  to  exist. 

The  calcium  carbonate  which  is  precipitated  in  this  way  also  con- 
r.  stitutes  “ boiler  incrustation,”  i.e.  the  precipitate  which  is  formed  in 
i-!  vessels  in  which  water  is  heated  to  boiling.  If  the  water  is  not  only 
: heated  to  boiling  but  is  completely  evaporated,  as  in  steam  boilers, 
the  incrustation  of  course  consists  of  all  the  solid  substances  which 
1 ''ere  dissolved  in  the  water  and  are  deposited  on  its  removal.  Such 
• boder  incrustation  generally  consists  chiefly  of  calcium  sulphate. 

Calcium  Chloride. — Calcium  chloride  is  a colourless  salt  very 
fjreaddy  soluble  in  water ; it  is  known  in  the  anhvdrous  condition,  and 
c ut  forms  containing  from  1 to  6 moles  of  water  of  crystallisation. 

’ Ihere  are  at  least  five  different  hydrates  of  this  salt ; with  rising  tem- 
Wperature,  some  of  these  exhibit  consecutive  regions  of  stability,  whereas 
: other  hydrates  are  unstable,  like  sodium  sulphate  with  7H,0  (p  484) 
ihe  best  known  is  the  hexahydrate,  CaCl2  + GH20,  which  separates 
ii  om  concentrated  solutions  at  a low  temperature  and  forms  large, 
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transparent,  and  deliquescent  crystals.  On  warming  the  salt,  it  melts  6 
completely  in  its  water  of  crystallisation,  and  if  the  heating  is  con-  u 
tinued,  a spongy  mass  of  monohydrate  or  of  anhydrous  salt,  according  4I 
to  the  temperature  employed,  is  left  behind  and  fuses  at  a bright  red,  i j 
heat.  On  fusing,  the  rcd-liot  salt  readily  gives  off  hydrochloric  acid,  . 

.11  i , , • i ri . m tt  A . ftTim 


if  water  vapour  is  allowed  to  act  on  it,  CaClg  + H90  — CaO  + 2HG1, 


and  the  salt,  after  fusion,  then  reacts  alkaline.  This  decomposition  i 
can  be  avoided  to  some  extent  by  conducting  the  fusion  in  an  atmo- 
sphere of  hydrochloric  acid,  which  is  most  easily  accomplished  by  v 
adding  ammonium  chloride  during  the  evaporation ; this  volatilises  on 
heating  to  redness,  and  thereby  decomposes  into  ammonia  and  hydro- 
chloric acid  (p.  503). 

Calcium  chloride  is  formed  as  a by-product  in  many  chemical, 
operations  (cf.  p.  492),  and  has  scarcely  any  industrial  applications 
In  the  laboratory  it  is  used  as  a convenient  desiccating  agent  for  gases  ;• 
for  this  purpose  it  is  better  to  use  not  the  fused  salt  but  the  dried 
spongy  mass,  which  has  a quicker  action.  Like  all  desiccating  agents,*  i 
calcium  chloride  does  not  remove  the  water  vapour  entirely,  but  onlynj 
to  such  a degree  that  the  vapour  pressure  is  equal  to  the  vapour  pres- 
sure of  the  hydrates  present  (p.  485).  For  most  purposes  this  is 
certainly  small  enough  ; still,  the  aqueous  vapour  pressure  from  concern; 
trated  sulphuric  acid,  for  example,  is  very  much  smaller,  and  this  is 
therefore  a much  more  perfect  desiccating  agent. 

* Calcium  chloride  must  not  be  used  for  drying  ammonia,  since  it 
combines  with  this  to  form  a white  mass  having  the  composition  CaCl2  + • 
4NH. . Even  at  the  ordinary  temperature,  this  substance  gives  off 
ammonia  under  a small  pressure,  and  to  each  temperature  there  cor-.: 
responds  a definite  pressure  of  ammonia.  It  is  a case  of  cliemicaE 
equilibrium  of  quite  the  same  character  as  that  between  calcium  car- 
bonate, lime,  and  carbon  dioxide ; in  this  case  the  two  solid  phases  arer 
calcium  chloride  and  its  ammonia  compound,  and  the  gaseous  phase  is 

ammonia.  , , . , , , , 

Another  application  of  calcium  chloride,  which  also  depends  on  its 

great  solubility,  is  to  produce  powerful  freezing  mixture^.  A satu- 
rated solution  of  calcium  chloride  does  not  freeze  til  - 3-  and  there- 
fore the  temperature  of  a mixture  of  crystallised  calcium  chloride  and 
ice  falls  to  that  point.  It  is  necessary  to  use  crystallised,  and  not 
fused  salt ; the  latter  is  much  less  efficient,  because  it  dissolves  nj  water 
with  considerable  rise  of  temperature,  while  the  crystallised  salt  with. 
6H90  dissolves  with  considerable  lowering  of  temperature. 

Calcium  Hypochlorite  and  Bleaching  Powder  —To  render 
the  chlorine  for  bleaching  purposes  suitable  for  tonspo^it  is  abs«r  ■ 


bj 


lime.  In  this  way  a white  powder  smelling  of 


chlorine 

in  tms  way  a uuitu  — ° V.  . 

obtained  ; it  contains  about  30  per  cent  of  ch  orine,  and  . ; gives  a 
up  in  almost  undiminished  amount  when  the  lime  is  comeHed  1,^ 


up  in  almost  unainniii&ueu.  aiuvuuv 

acid  into  the  corresponding  salt.  This  product  is  called  bleaching 
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powder.  It  is  prepared  and  used  in  very  large  amounts.  Its  use  also  is 
not  confined  to  bleaching,  but  it  is  also  employed  for  disinfecting,  for 
oxidising,  and  for  many  other  purposes  in  preparative  chemistry.  We 
have  found  it  previously  to  be  a convenient  means  of  prepariug  chlo- 
rine (p.  166). 

Bleaching  powder  can  be  regarded  as  a mixture  or  as  a compound 
of  calcium  hypochlorite  and  calcium  chloride,  formed  in  accordance 
with  the  equation  2CaO  + 2C12  = CaCl2  + Ca(OCl)2,  or  CaO  + Cl2  = 
Cl 

C^OCl  ’ an<^  ^living  the  composition  here  represented.  Much  discus- 
sion has  taken  place  as  to  which  of  the  two  formulas  is  to  be  pre- 
ferred, but  no  decision  has  been  arrived  at.  This  is  connected  with 
the  fact  that  it  would  be  difficult  to  state  in  what  essential  point  two 
compounds  having  the  composition  represented  by  the  two  formulae 
would  differ.1  In  aqueous  solution,  at  all  events,  no  difference  between 
the  two  formulae  exists,  since  in  it  essentially  the  separate  ion’s  Ca", 
Cl/  and  OCr  are  present. 

By  acids  of  all  kinds,  even  by  the  weak  carbonic  acid,  as  much 
chlorine  is  liberated  from  bleaching  powder  as  was  used  in  its  prepara- 
tion.' This  is  most  easily  seen  by  writing  the  ionic  equations.  On 
bringing  together  two  combining  weights  of  hydrion  with  the  above 
mentioned  anions  of  bleaching  powder,  the  reaction  occurs  : Cl'  + OCT 
+ 2H  =C12  + H20.  Since  in  this  reaction  hydrogen  ions  are  used  up, 
actual  ions  are  not  required  for  the  process,  but  potential  (p.  245)  ones 
are  sufficient. 

The  oxidising  actions  of  bleaching  powder  depend  on  the  presence 
of  hypochlorosion,  OCT,  which  can  pass-  into  chloi’idion  with  loss  of 
oxygen  : OCT  = Cl'  + 0. 

The  bleaching  powder  which  is  prepared  commercially,  is  not  a 
pure  compound,  and  it  is  therefore  necessary  to  determine  the  amount 
of  its  available  chlorine.  The  amount  also  changes  with  time.  This 
depends,  on  the  one  hand,  on  the  fact  that  the  bleaching  powder  loses 
oxygen,  the  hypochlorite  thereby  passing  into  chloride,  Ca(OCl)2  = 
CaCl2  + 02,  and  partly  on  a transformation  of  the  hypochlorite  into 
chlorate,  corresponding  to  the  reaction  described  on  p.  211.  Although 
the  chlorates  in  presence  of  chlorides  also  evolve  chlorine  under  the 
action  of  acids,  this  reaction  is  much  slower  and  requires  more  con- 
centrated solutions  than  is  the  case  with  the  hypochlorite,  so  that  it 
does  not  occur  to  an  appreciable  extent  under  the  conditions  under 
which  bleaching  powder  is  usually  employed.  Finally,  in  the  case  of 
bleaching  powder  which  is  not  carefully  kept,  a portion  of  the  chlorine 
is  driven  oft  by  the  carbonic  acid  of  the  air. 

The  determination  of  the  available  chlorine  in  bleaching  powder 

in  ^ di/el'ence  would  be  proved  if  it  could  be  shown  that  differences  of  any  kind,  e.a. 

Oah'imn  °f  solut.lon>  existed  between  bleaching  powder  and  a mixture  of  the  two  salts! 
calcium  hypochlorite,  however,  is  scarcely  known  in  the  pure  state. 
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is  performed  by  making  up  a weighed  quantity  of  the  latter  to  one  c 
litre  with  water  and  allowing  the  solution  to  stand  till  it  becomes  clear. 
The  solutionis  then  allowed  to  run  from  a burette  into  a measured  J 
solution  of  sodium  arsenite,  which  is  obtained  by  dissolving  arsenic-  i 
trioxide  in  sodium  bicarbonate.  The  anion  of  arsenious  acid,  AsO./", 
is  converted  into  that  of  arsenic  acid  by  the  oxygen  of  the  hypo- 
chlorite : As03'"  + CIO'  = AsO/"  + Cl'.  One  mole  of  arsenious  acid,  1 
therefore,  corresponds  to  one  combining  weight  of  oxygen,  or  two  j 
combining  weights  of  chlorine,  which  are  required  for  the  formation  i >j 
of  one  mole  of  hypochlorosion.  The  end  of  the  reaction  is  ascertained 
by  bringing  a small  trace  of  the  liquid  on  a piece  of  paper  containing  g j 
potassium  iodide  and  starch1;  so  soon  as  the  arsenious  acid  is  oxidised  1 4 
and  the  smallest  excess  of  hypochlorite  is  present,  a blue  spot  is  - ■ 
produced  from  the  liberation  of  iodine  from  the  potassium  iodide.  In  ; 
the  case  of  such  a “ spot  test,”  the  end  is  most  quickly  attained  by  first  j 
making  a rapid  approximate  experiment  and  then  repeating  the  - S 
analysis,  running  in  most  of  the  liquid  at  once,  so  that  only  the  last  1 1 
portion  has  to  be  added  in  drops  and  tested. 

Like  all  hypochlorites,  bleaching  powder  is  an  unstable  compound  i 
(p.  211),  which  passes  spontaneously  into  the  more  stable  form, 
calcium  chloride  and  oxygen,  and  whose  period  of  existence  is  there- 
fore limited.  Pure,  dry  bleaching  powder  is  stable  enough  for  its  > 
technical  application,  but  there  are  catalysers  which  greatly  accelerate  - 
the  decomposition.  Such  substances  are,  more  especially,  the  higher  ij; 
oxides  of  the  heavy  metals,  cobalt  and  nickel ; on  adding  a little  of  a ft 
cobalt  salt  to  a concentrated  solution  of  bleaching  powder,  whereby  * 
the  metal  is  at  once  converted  into  the  corresponding  oxide,  the  evolu- 
tion of  oxygen  commences  and  becomes  very  energetic  on  slightly  s 
warming.  The  reaction,  therefore,  2 CIO'  = 2 Cl  + 0,,  which  of  itself  i 
takes  place  very  slowly,  is  converted  into  a rapid  one. 

Calcium  Bromide  and  Calcium  Iodide  are  very  readily  soluble 
salts,  still  more  deliquescent  than  the  chloride,  and  have  no  special  . 
application.  The  iodide  is  characterised  by  the  fact  that  it  very  f 
rapidly  becomes  brown  in  the  air  owing  to  the  liberation  of  iodine. 
This  is  due  to  decomposition  by  the  carbonic  acid  of  the  air,  by  the  *1 
action  of  which  a trace  of  hydriodic  acid  is  formed  which  is  forthwith  r 
converted  by  the  atmospheric  oxygen  into  iodine  and  water  lbe  ■ 
reason  why  this  process  takes  place  so  much  more  readily  in  the  case  < 
of  calcium  iodide  than,  e.g.,  with  potassium  iodide,  is  that  the  calcium  « 
carbonate  which  is  formed  has,  by  reason  of  its  slight  solu  ulity  , “ 
action  on  free  iodine,  whereas  potassium  carbonate  would  partly  convert  j 
free  iodine  into  iodide  and  iodate,  i.e.  would  to  a certain  extent  j 

hinder  the  formation  of  free  iodine.  , 

Calcium  Fluoride. -Unlike  the  other  halogen  compounds  ot 
calcium,  calcium  fluoride,  CaF2,  is  very  difficultly  soluble  in  water.  . 

1 Almost  all  writing  paper  already  contains  starch. 
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3 The  salt  forms  a widely  distributed  mineral  which  is  known  by  the 
name  of  fluor-spar ; it  crystallises  in  cubes  and  in  other  forms  of  the 
regular  system,  is  colourless  and  transparent  in  the  pure  state,  but, 
owing  to  the  presence  of  impurities,  is  generally  coloured  in  various 
l bright  tints. 

The  name  fluor-spar  is  derived  from  its  application  in  metallurgical 
I Work  for  rendering  the  slags  which  are  there  formed  readily  fusible. 

This  action  depends  on  the  general  fact  that  the  freezing  point  of  a 
: liquid  is  depressed  by  the  solution  in  it  of  foreign  substances ; it  is,  of 
( course,  of  no  importance  for  this  action  whether  the  freezing  point  is 
) at  0°  or  at  1000°.  The  element  fluorine,  also,  has  received  its  name 
on  account  of  its  preparation  from  fluor-spar. 

* Another  name  which  is  connected  with  this  is  fluorescence,  which 
i is  used  to  designate  the  property  possessed  by  certain  substances  of 
,i  changing  incident  light  into  light  of  (generally)  greater  wave-length. 
This  property  was  first  investigated  with  some  degree  of  thoroughness 
in  the  case  of  certain  kinds  of  fluor-spar,  but  the  property  is  a very 
frequent  one,  and  is  more  strongly  developed  in  some  other  substances 
i.  than  fluor-spar. 

Fluor-spar  is  the  most  important  starting  substance  for  obtaining 
I hydrofluoric  acid  and  the  other  fluorine  compounds.  Even  at  the 
• i present  time  large  quantities  of  it  are  used  directly  for  the  purpose  of 
i'  etching  glass ; the  salt  is  mixed  with  concentrated  sulphuric  acid,  and 
the  articles  to  be  etched  are  exposed  to  the  action  of  the  vapours  of 
[ hydrofluoric  acid  which  are  evolved. 

Calcium  Nitrate,  Ca(N03)2,  is  being  unceasingly  formed  through 
the  activity  of  the  nitrifying  bacteria  (p.  461)  in  the  soil,  since  calcium 
Lis  the  most  widely  distributed  of  the  salt-forming  elements  which  have 
here  to  be  taken  into  account.  In  localities  where  the  formation  of 
nitrate  is  abundant,  such  as  in  the  neighbourhood  of  cow-houses,  the 
anhydrous  salt  sometimes  crystallises  out  during  dry  weather  on  the 
i stone  walls  in  the  form  of  thin  needles  which  have  almost  the  appear- 
ance of  mould.  As  a rule,  no  great  accumulation  of  the  salt  occurs 
\ in  the  soil,  since  the  nitrates  formed  are  at  once  taken  up  by 
plants. 

The  pure  salt  is  very  soluble  in  water,  and,  at  medium  tempera- 
tures, crystallises  with  4H20.  It,  also,  is  capable  of  forming  a fairly 
> darge  number  of  different  hydrates. 

Calcium  Sulphate,  CaS04,  is  difficultly  soluble  in  water;  it 
. occurs  very  widely  distributed  in  nature,  and,  after  calcium  carbonate, 

' is  the  most  abundant  salt  of  calcium.  It  occurs  in  two  forms.  It 
occurs  most  frequently  as  gypsum,  in  monoclinic,  sometimes  very  large 
and  transparent  crystals  with  two  moles  of  water  of  crystallisation ; 
i nd  more  rarely  as  anhydrite,  in  anhydrous,  rhombic  crystals.  The 
solubility  of  these  two  forms  is  different,  gypsum  being  more  difficultly 
■soluble  than  anhydrite.  In  the  presence  of  water,  therefore,  the  latter 
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is  the  less  stable  form  and  changes  into  gypsum ; in  this  case,  also 
the  presence  of  a “ nucleus  ” of  the  more  stable  form  has  an  essentia  ( 
influence  on  the  process. 

The  solubility  of  gypsum  amounts  to  about  2 gm.  per  litre;  as  the 
temperature  rises,  the  solubility  first  increases,  reaches  a maximum  at 
40°,  and  then  decreases.  On  being  heated,  gypsum  loses  f ths  of  its  watei 
of  crystallisation  fairly  readily,  and  the  transparent  crystals  are  thereby  • 
converted  into  a chalk-white  powder,  which  has  a manifold  application  s 
under  the  name  of  plaster  of  Paris.  This  depends  on  the  fact  that  the., 
powder  again  takes  up  its  water  of  crystallisation  in  contact  with  water 
the  long  needles  of  the  crystallised  gypsum  are  thereby  again  formed, 
and  these,  intergrowing  with  one  another,  form  a compact  mass.  This 
property  is  made  use  of  for  moulding  objects  for  use  and  works  of  art. 
for  plastering  walls,  for  bandages  in ' surgery,  etc.  The  hardening  oi 
plaster  of  Paris  which  has  been  slaked  with  water  takes  place  in  about 
a quarter  of  an  hour,  and  is  accompanied  by  a feeble  but  appreciable 
rise  of  temperature. 

# If  in  the  dehydration  process  the  gypsum  has  been  heated  toe 
strongly,  it  does  not  again  harden,  or  does  so  only  very  slowly,  ^so  that 
it  can  no  longer  be  used.  Such  gypsum  is  called  ‘ dead  burnt.  The 
cause  of  this  behaviour  has  not  yet  been  thoroughly  investigated, 
From  the  fact,  however,  that  the  dehydrated  gypsum,  when  it  is  in 
a condition  to  be  used,  still  contains  about  a quarter  of  its  water  oi 
crystallisation,  it  can  be  presumed  that  dead  burnt  gypsum  does  not. 
harden  for  the  reason  that  the  “nuclei”  for  the  formation  of  new 
crystals  of  gypsum,  viz.,  undecomposed  particles  of  gypsum,  are  theifij 
no  longer  present.  The  following  experiment  illustrates  this  view. 
If  effloresced  Glauber’s  salt,  in  which  “ nuclei  ” are  still  present  (p.  485), 
is  mixed  with  a little  water,  the  mixture  at  once  hardens  to  a solid 
mass  of  Glauber’s  salt;  but  if  the  powder  is  previously  heated,  so  that 
the  nuclei  are  destroyed,  and  is  then  mixed  with  water,  a^  oiding  the 
introduction  of  nuclei  from  without,  no  solidification  occurs,  but  a paste 
is  formed  consisting  of  a saturated  solution  of  the  anhydrous  salt  along 
with  undissolved  substance. 

The  naturally  occurring  anhydrite  is  generally  found  along  witm 
common  salt  as  the  residue  from  the  evaporation  of  former  seas. 
Experiment  also  shows  that  gypsum  passes  into  anhydrite  in  presence 
of  a saturated  solution  of  common  salt  at  125°.  This  is  due  to  th 
fact  that  the  vapour  pressure  of  .the  water  from  gypsum  plus  anhydrite 
is  greater  than  that  from  the  saturated  solution  of  common  salt,  U,i 
therefore,  a mixture  of  gypsum  and  some  anhydrite  be  placed  along 
with  a saturated  solution  of  common  salt  in  an  enclosed  space,  wate. 
must  pass  off  from  the  gypsum  and  be  taken  up  by  the  solutl°n 
salt.  If,  therefore,  under  these  circumstances,  the  two  substances  are 
not  in  equilibrium,  neither  can  they  be  so  when  they  are  in  dir 
contact,  i.e.  in  the  presence  of  a saturated  solution  of  common 
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L calcium  sulphate  cannot  be  deposited  and  remain  as  gypsum,  but  must 
,,  separate  out  as  anhydrite  or  be  converted  into  this. 

* On  the  other  hand,  dehydrated  gypsum  takes  up  water  from  a 
n solution  of  common  salt  at  the  ordinary  temperature ; the  two  vapour 
, pressure  curves  must,  therefore,  cut  one  another  at  an  intermediate 
point.  In  the  case,  however,  of  the  naturally  occurring  residues  of 
evaporation,  the  mother  liquors  always  contain  large  amounts  of 
magnesium  chloride  and  have,  therefore,  a much  smaller  vapour 
pressure  than  the  pure  solution  of  common  salt,  so  that  the  above 
discussion  can  be  applied  to  these  mother  liquors  even  at  a lower 
temperature. 

Intermediate  between  gypsum  and  anhydrite  there  exists  another 
hydrate,  CaS04 . |H20,  which  is  formed  when  the  dehydration  is 
carried  out  less  thoroughly. 

Calcium  Sulphide. — The  crude  calcium  sulphide,  CaS,  has 
already  been  met  with  as  a by-product  in  the  manufacture  of  soda 
by  the  Le  Blanc  process  (p.  490).  It  can  be  obtained  in  the  pure 
! state  by  the  reduction  of  calcium  sulphate  with  charcoal  or  hydrogen, 
or  by  strongly  heating  lime  in  an  atmosphere  of  sulphuretted  hydro- 
gen or  of  carbon  disulphide. 

The  salt  is  a whitish-yellow,  scarcely  fusible  mass,  which  is  only 
very  slightly  soluble  in  water,  but  is  decomposed  on  being  warmed 
for  some  time  with  it,  calcium  hydrosulphide  passing  into  solution, 
and  calcium  hydroxide  remaining  behind  : 2CaS  + 2H20  = Ca(HS)„  + 
Ca(OH)2.  This  process  corresponds  exactly  with  the  decomposition 
which  the  soluble  sulphides  of  the  alkali  metals  experience  (p.  460), 
only  that  in  this  case  the  hydroxide  formed  is  deposited  on  account 
of  its  slight  solubility. 

The  above-mentioned  calcium  hydrosulphide,  Ca(HS)2,  or  the  acid 
r calcium  salt  of  sulphuretted  hydrogen,  is  known  only  in  solution ; 

solutions  containing  a fairly  large  quantity  of  it  can  be  obtained  by 
r passing  sulphuretted  hydrogen  into  water  in  which  calcium  sulphide 
is  suspended.  On  concentrating  the  solution,  sulphuretted  hydrogen 
It  passes  off  along  with  water  vapour,  and  only  calcium  sulphide,  or  its 
: products  of  decomposition,  is  obtained. 

If  calcium  sulphide  is  heated  with  sulphur  and  water,  the  com- 
pounds CaS4  and  CaS5  are  formed,  which  dissolve  in  water  with  an 
! orango-red  colour ; compounds  with  two  or  three  combining  weights 
of  sulphur  are  not  known.  Milk  of  sulphur  (p.  256)  is  prepared  by 
*. -decomposing  these  polysulphides  of  calcium  with  acids. 

<'■  The  moist  calcium  sulphide,  such  as  was  obtained  as  a residue  in 
| “ie  °|^er  process  of  soda  manufacture,  readily  oxidises  in  the  air,  poly- 
sulphides  of  calcium,  and,  subsequently,  calcium  thiosulphate,  being 
thereby  formed.  By  decomposing  the  mass  when  it  is  in  this  state 
with  sodium  carbonate  or  sodium  sulphate,  sodium  thiosulphate  can  be 
obtained.  The  purifying  material  containing  calcium  sulphide  which 
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is  obtained  in  gas-works,  is  also  used  for  the  same  purpose.  Fresh  j ,■ 
moist  soda- waste  can  be  converted  into  calcium  carbonate  and  sulphur  i ! 
otted  hydrogen  by  means  of  carbon  dioxide ; the  sulphuretted  hydro  t 
gen  on  being  burned  again  yields  sulphur  or  sulphur  dioxide.  On  thi.i 
depends  a method  of  “sulphur  regeneration”  (p.  491). 

Some  specimens  of  calcium  sulphide,  after  having  been  illuminated 
have  the  property  of  shining  with  their  own  light,  or  of  phosphoresimgM 
It  has,  however,  been  found  that  this  property  does  not  belong  to  tin  1 
calcium  sulphide  itself,  but  is  produced  by  the  presence  of  quite  smal  | 
amounts  of  the  sulphides  of  some  heavy  metals  (bismuth,  manganese)  ij 
Such  material  has  a certain  technical  importance  as  “ phosphorescen  i S 
paint,”  for  applying  to  such  objects  as  it  is  desired  to  render  visible  ii  ) 
the  dark. 

Calcium  Phosphate. — The  salts  which  phosphoric  acid  form  « 
with  calcium  are  of  great  importance  for  organic  life.  On  the  om  6 
hand,  the  bones  of  the  vertebrate  animals  consist  chiefly  of  calcium 
phosphate;  on  the  other  hand,  the  naturally  occurring  calcium  phos- 
phates  are  the  most  important  source  of  the  phosphoric  acid  whici 
is  employed  for  manurial  purposes,  and  which  is  indispensable  for  ; : 
high  cultivation  of  the  soil. 

The  normal  or  saturated  calcium  phosphate,  Ca3P2Og,  occurs  ii 
nature  as  phosphorite,  in  masses  which  are  of  organic  origin.  The  sal. 
is  obtained  as  a white,  amorphous  precipitate  which  shows  no  tendency 
to  become  crystalline,  by  the  precipitation  of  a calcium  salt  with  i 
solution  of  sodium  phosphate  which  has  been  rendered  alkaline 
When  dry,  it  is  a white,  very  difficultly  fusible  powder.  The  residue. 
hone-ash,  which  is  left  on  destroying  the  organic  matter  of  bone: 
by  burning  in  air,  consists  essentially  of  impure  tricalcium  phosphate. 

Tricalcium  phosphate  is  practically  insoluble  in  water,  but  readily 
dissolves  in  dilute  and  weak  acids,  e.g.  acetic  acid.  This  read}  solus 
bility  in  acids  is  due  to  the  tendency  of  the  trivalent  ion  P04  tel 
unite  with  hydrion  and  to  pass  into  the  divalent  HP04  (p.  363).  Id 
the  soil,  also,  where  this  salt  either  is  already  present  or  is  at  once 
formed  on  manuring  with  soluble  phosphates,  it  is  gradually  attacked) 
by  the  carbonic  acid  and  made  available  for  the  plants.  Thial 
is  seen  from  the  fact  that  tricalcium  phosphate  dissolves  much  mor< 
abundantly  in  water  containing  carbonic  acid  than  in  pure  water. 

When  a normal  calcium  salt  is  mixed  with  a solution  of  ordinary 
disodium  phosphate,  an  amorphous  precipitate  is  at  first  deposited 
the  composition  of  which  approximates  to  that  of  the  normal  salt* 
On  standing  and  more  quickly  on  slightly  acidifying,  the  precipitate 
is  converted  into  small,  lustrous  crystals  of  dicalcium  phosphate. 
Ca,H2P2Og  = 2CaHP04,  which  are  anhydrous  when  formed  at  moder- 
ately  high  temperatures;  the  crystals  which  are  formed  in  the  colo* 


contain  2H„0.  _ . 

This  salt  does  not  dissolve  unchanged  in  water,  for  in  contact 
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, nlUch  water  it  becomes  turbid  and  yields  a liquid  with  an  acid  reaction, 
iilomr  with  an  amorphous  residue  whose  composition  approximates  to 
: thEt  of  the  normal  salt.  This  reaction  seems  to  depend  on  the  very 
slight  solubility  of  the  normal  salt,  in  consequence  of  which  the  ions 
present  unite  to  form  that  salt,  while  a corresponding  excess  of  hydrion 
is  produced  in  the  solution  and  causes  the  acid  reaction.  The  reactions 
which  occur  can  be  represented  by  the  equation  3Ca"  + 2HPO/  = 
C^P.iOs  + 2H‘,  but  it  must  be  kept  in  view  that  this  transformation 
affects  only  a part  of  the  substance  present,  and  that  we  are  dealing 

I with  a chemical  equilibrium  which  is  altered  by  the  temperature  and 
concentration. 

^Finally,  from  more  strongly  acid  solutions,  the  monocalcium  phos- 
> ohate,  CaH4P0Og,  crystallises  out  in  lustrous  crystals  which  dissolve  in 
I much  water  apparently  unchanged  ; when,  however,  less  water  is  taken 
■j  imorphous  salt  containing  more  calcium  is  deposited,  and  a solution 
with  a strongly  acid  reaction  is  formed.  This  salt  is  the  chief  con- 
stituent of  the  artificial  phosphoric  acid  fertiliser  known  as  super- 
phosphate. The  latter  is  prepared  by  decomposing  normal  calcium 
phosphate  with  sulphuric  acid  according  to  the  equation  Ca3P.,Os  + 
2H2S04  = CaH4P,08  + 2CaS04. 

Thomas  slag , which  is  a by-product  obtained  in  the  manufacture  of 
ron,  being  formed  in  the  process  of  removing  the  phosphorus  contained 
n pig-iron  by  fusing  the  latter  in  presence  of  oxidising  substances 
ind  of  lime,  consists  essentially  of  normal  calcium  phosphate.  The 
■lag  contains  an  excess  of  lime,  and  in  moist  air  rapidly  disintegrates, 
herefore,  to  a fine  powder  which  is  sufficiently  susceptible  to  decom- 
position by  water  and  carbonic  acid.  It  is,  therefore,  used  as  a 
ertiliser  without  being  previously  treated  with  acid. 

Apatite  is  a mineral  crystallising  in  hexagonal  prisms,  and  is  a 
louble  salt  of  calcium  phosphate  and  calcium  fluoride,  or  chloride, 
laving  the  formula  Ca6(P04)3Cl  or  Ca5(P04)3F.  We  can  imagine 
hese  as  being  composed  in  such  a way  that  the  hydrogen  of  three 
ombining  weights  of  phosphoric  acid  and  of  one  halogen  hydride  are 
eplaced  by  calcium.  Since  one  combining  weight  of  calcium  replaces 
wo  combining  weights  of  hydrogen,  the  nine  combining  weights  of 
tydrogen  present  from  the  phosphoric  acid  cannot  be  replaced  without 
emainder  by  the  divalent  calcium.  Five  combining  weights  of  calcium 
nter,  and  the  tenth  unit  is  satisfied  by  the  monovalent  halogen, 
luorine,  or  chlorine. 

If  acid  calcium  phosphate  is  heated,  it  loses  water  and  passes  into 
'ildum  metaphosphate,  Ca(P03)2.  This  salt  is  of  importance  as  the 
parting  substance  in  the  preparation  of  phosphorus,  which  is  obtained 
H y strongly  heating  this  salt  with  charcoal.  There  then  occurs  the 
reaction  3 Ca(P03)2  +10C  = 4P  + Ca3(P04)2  +10 CO,  and  the  phos- 
r horus  vapour  which  is  formed  passes,  on  cooling,  into  white  plios- 
II  orus.  At  the  present  day,  however,  phosphorus  is  no  longer 
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prepared  in  this  way,  but  in  the  electric  furnace,  a mixture  of  calciu: , 4 
orthophosphate,  quartz  sand,  and  charcoal  being  probably  employer  t i, 
Details  of  this  process  are,  however,  not  yet  known. 

Calcium  Acetate. — A certain  interest  attaches  to  the  calciu,  i >; 
salt  of  acetic  acid  (p.  398),  from  the  fact  that  it  is  an  intermedia  i « 
product  in  the  preparation  of  pure  acetic  acid  from  the  crude  produc  i » 
wood  vinegar,  formed  in  the  dry  distillation  of  wood.  In  order  • 
separate  acetic  acid  from  the  other,  non-acid  substances  present,  it  , 
converted  into  a salt,  and  for  this  purpose  lime,  being  the  cheape-  a 
base,  is  employed.  The  solution  of  the  crude  salt  is  evaporated  i t 
dryness  and  rather  strongly  heated  in  order  to  destroy  a large  portic  > a 
of  the  impurities  present.  The  salt  is  placed  on  the  market  in  th  t 
form,  and  is  worked  up  for  acetic  acid  and  other  substances,  in  sped  \ 
works. 

Calcium  acetate  has  the  composition  Ca(C2H302)2,  and  is  a sa-  , 
which  is  very  readily  soluble  in  water,  and  which  crystallises  wit 
1 H.,0.  Acetic  acid  is  liberated  from  it  by  sulphuric  acid. 

If  calcium  acetate  is  heated  with  excess  of  lime,  methane 
formed:  Ca(C2H302)2  + Ca(OH)2  = 2CH4  + 2CaCOs  (p.  39S).  Heatr 
without  the  addition  of  lime,  it  yields  another  substance  called  acetorni 
according  to  the  equation  Ca(C2H302)2  = CaC03  + C3H60  ; this  is  ? 
colourless,  volatile  liquid,  and  has  a manifold  application  in  chemic.tij 
industry. 

Calcium  OxalatG. — It  has  already  been  mentioned  that  tHl 
calcium  salt  of  oxalic  acid,  CaC204,  is  used  for  the  detection  an 
precipitation  of  calcion.  Calcium  oxalate  is  exceedingly  slight! 
soluble  in  water,  and  is  at  once  formed  when  oxalanion  and  calcic^ 
come  together  in  solution.  The  precipitate  is  practically  insoluble  i 
acetic  acid,  but  is  soluble  in  dilute  hydrochloric  and  nitric  acids ; i 
fact,  in  all  strong  acids  which  form  soluble  calcium  salts. 

The  reason  of  this  is  that  oxalic  acid  is  an  acid  the  strength,  c . 
electrolytic  dissociation,  of  which  lies  between  that  of  hydrochlonij 
acid  and  of  acetic  acid.  If  calcium  oxalate  is  brought  into  conta< 
with  water,  a very  small  quantity  of  the  precipitate  dissolves, 
acetic  acid  is  added  to  the  liquid,  it  contains  such  a small  amount  r : 
free  hydrion  that  only  an  extremely  slight  change  takes  place  in  tl 
chemical  equilibrium,  in  such  a sense  that  quite  a small  quantity  ‘ 
the  oxalanion  unites  with  hydrion  to  form  undissociated  oxalic  acid,  < 
the  monovalent  hydro-oxalanion,  C204H  ; the  consequence  is  a ver 
small  increase  in  the  amount  of  salt  passing  into  solution.  Since, : 
it  is,,  the  solubility  of  calcium  oxalate  is  very  slight,  this  increase  is  v 

no  account  analytically.  . , , * 

The  case  is  different  when  a strongly  dissociated  acid,  like  nya 
chloric  acid,  is  added.  A large  amount  of  hydrion  is  then  introduce, 
into  the  solution,  and,  accordingly,  a comparatively  largi e a jmoim 
oxalanion,  C204",  disappears,  owing  to  the  formation  of  Hb,U4 


CALCIUM 


525 


XXIII 


I j-i  C ,0  , and  must  be  replaced  by  more  calcium  oxalate  passing  into 
jj  30 jut ion.  Accordingly,  much  more  of  the  precipitate  will  be  dissolved, 
uid  with  sufficient  amount  of  hydrochloric  acid  the  whole  precipitate 
) passes  into  solution. 

For  this  reason,  in  precipitating  calcion  with  oxalanion,  one  does 
not  use  a solution  of  free  oxalic  acid,  whereby  the  detrimental  hydrion 
would  be  introduced  into  the  solution,  but  ammonium  oxalate  is 
employed.  If  the  solution  itself  is  strongly  acid,  the  excess  of 
hydrion  can  be  removed  by  addition  of  sodium  acetate ; acetanion, 
i being  the  ion  of  a weak  acid,  unites  with  the  greater  part  of  the 
hydrion  to  form  undissociated  acetic  acid,  and  only  a harmless  amount 
)f  hydrion  is  left  behind. 

According  to  the  temperature  employed,  the  precipitate  of  calcium 
oxalate  contains  various  amounts  of  water  of  crystallisation,  and  can- 
not, therefore,  be  weighed  as  such  in  the  quantitative  determination 
)f  calcium.  It  is,  therefore,  heated  either  gently  to  convert  it  into 
jalcium  carbonate  (CaC204  = CaC03  + CO),  or,  since  some  calcium 
)xide  can  thereby  be  readily  formed,  it  is  better  to  heat  it  to  a 
)right  red  heat,  whereby  it  is  completely  converted  into  calcium  oxide. 

Calcium  oxalate  is  also  found  as  a constituent  of  certain  urinary 
j calculi  and  very  widely  distributed  in  almost  all  plants ; in  the  cells 
i )f  the  latter  the  comparatively  large,  transparent  octahedra  of  hydrated 
i jalcium  oxalate,  which  have  the  appearance  of  an  envelope,  can  be 
j ’eadily  recognised  under  the  microscope. 

Calcium  Carbide. — If  carbon  acts  on  lime  at  a very  high  tem- 
j lerature,  there  occurs  the  ' reaction  CaO  + 30  = CaC2  + CO.  The 
i;  :ompound  CaC2  which  is  formed,  is  called  calcium  carbide,  and  has 


)een  manufactured  for  some  years  in  very  large  quantities  for  con- 
I version  into  acetylene  (p.  405). 

The  reaction  is  carried  out  in  the  electric  furnace,  but  the  process 
las  nothing  to  do  with  electrolysis,  the  current  serving  only  to  pro- 
luce  the  requisite  high 
-emperature,  and  to 
held  the  large  amounts 
fi  >f  energy  which  the  re- 
i iction  requires.  In  Fig. 

109  an  experimental 
Electric  furnace  is  repre- 
sented, formed  simply 
>f  refractory  stone. 

Pure  calcium 
f 'arbide  forms  almost 
. :olourless  crystals.  The  commercial  product  appears  as  a black-grey 
nass  of  irregular  lumps,  having  the  characteristic  smell  of  phos- 
moretted  hydrogen,  which,  however,  is  due  only  to  impurities.  Its 
lensity  is  3 *22,  and  it  does  not  melt  below  a white-heat. 


Fig.  109. 
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The  most  important  reaction  of  the  carbide  is  that  it  isdecon; 
posed  by  water  with  formation  of  calcium  hydroxide  and  acetylene  i 
CaC2  + 2H.,0  = Ca(OH)2  + C2H2.  In  this  reaction  a consideraK  > 
amount  of  heat  is  developed,  so  that  if  water  is  allowed  to  come  int, 
contact  with  a comparatively  large  quantity  of  carbide,  the  ten- 
perature  can  rise  to  a red-heat.  The  acetylene  is,  however,  decon 
posed  under  such  conditions,  and  a poorly  luminous  gas  is  obtained 
Those  acetylene  generators,  therefore,  are  the  best  in  which  tb  i 
carbide  falls  into  a comparatively  large  quantity  of  water,  or  i 
which  the  rise  of  temperature  is  otherwise  avoided. 

* The  problem  of  making  an  automatic  acetylene  generator,  whic  t i 
appears  capable  of  simple  solution  on  the  principle  of  the  apparatu: 
described  on  p.  86,  has  in  reality  turned  out  to  be  very  difficult.  Thi 

is  due,  on  the  one  hand,  to  the  fact  just  mentioned,  and  on  the  othe . < 
hand,  to  the  fact  that  calcium  carbide  reacts  powerfully  even  wit  it 
water  vapour , so  that  the  so-called  after-evolution  of  gas,  i.e.  a constai 
evolution  of  gas  even  when  the  apparatus  should  be  at  rest,  is  difficult 
to  avoid. 

* The  detrimental  effect  of  moderate  heat  on  acetylene  can  b: 
easily  shown  by  allowing  the  gas  to  pass  through  a horizontal  tub 
before  entering  the  burner.  So  long  as  the  tube  is  cold,  the  flam 
burns  very  brightly,  but  so  soon  as  it  is  heated  even  to  a dark  re< 
heat,  the  flame  becomes  almost  non-luminous,  and  charcoal  is  depositee 
in  the  tube. 

Calcium  Silicate  and  Glass. — Silicates  of  calcium  occur  in  th 
pure  state  in  nature,  forming  unimportant  minerals  which  have  but 
slight  distribution  (wollastonite).  Combined  with  other  silicates,  how 
ever,  calcium  silicate  is  a very  frequent  constituent  of  the  natural!  j 
occurring  minerals. 

As  a chemical  product,  also,  calcium  silicate  itself  is  of  no  import  : 
ance,  but  is  of  great  importance  when  mixed  with  the  silicates  of  thdj 
alkali  metals.  These  mixtures  constitute  glass,  the  well-known  resist- 
ant and  transparent  material  which  finds  an  application  in  all  depart 
ments  of  daily  life,  in  the  manufactures,  in  art,  and  in  science. 

Glass  is  a mixture  of  potassium  or  sodium  silicate  and  calciun 
silicate.  This  is  the  composition  of  ordinary  window  - glass  or  o i 
glassware.  For  special  purposes,  still  other  metal  oxides  are  used-'j 
and  also  phosphoric  and  boric  acids  in  place  of  silicic  acid..  I I 

The  chemical  composition  of  good  glass  agrees  approximately  witf 
the  formula  A9CaSi6014,  where  A signifies  potassium  or  sodium  or  both: 
Ordinary  glass",  however,  generally  contains  less  silicic  acid,  since  it  u 

then  more  easily  fusible.  , * 

Glass  is  amorphous,  as  is  shown  by  its  isotropic  nature  andtna 
absence  of  a definite  melting  point.  In  certain  glasses  there  is  * 
tendency  for  some  portions  to  separate  out  in  the  crystalline  state 
this  is  known  as  “ devitrification,”  and  it  is  endeavoured  to  avoid  tnis 
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I COndition  by  a suitable  change  in  the  proportions  of  the  mixture. 
All  the  same,  devitrification  occurs  in  the  case  of  almost  all  glasses 
when  they  are  maintained  for  a long  time  at  a temperature  near  the 
point  of  softening,  but  with  good  glass  the  process  takes  place  with 
extreme  slowness. 

Whilst  alkali  silicate  is  fairly  readily  dissolved  by  water,  glass  is 
very  resistant  to  this.  It  is  attacked  least  of  all  by  acid  solutions ; 
pure  water  attacks  it  more  strongly,  and  alkaline  solutions  most 
strongly  of  all.  By  exposure  for  some  time  to  the  action  of  steam, 
the  surface  of  glass  vessels  becomes  less  easily  attacked.  Moreover, 
the  resistance  of  the  glass  depends  very  largely  on  its  composition ; 
it  is  all  the  less  the  poorer  the  glass  is  in  silicic  acid  and  the  richer  it 
i is  in  alkalis.  Further,  the  remarkable  behaviour  has  been  discovered 
that  glass  which  contains  potash  or  soda  alone,  is  much  more  resistant 
: than  glass  which  contains  both  alkalis  together. 

* By  reason  of  the  inclination  towards  economy  of  fuel,  it  had 
formerly  become  a custom  in  glass-works  to  manufacture  a readily 
fusible  glass,  rich  in  alkali,  so  that  the  bad  and  small  resistant  char- 
i acter  of  such  glasses  became  a source  of  distress.  The  scientific 

investigations  which  were  in  consequence  carried  out,  some  of  which 
have  been  mentioned  above,  at  once  led  to  a suitable  adjustment  of 
the  factors  which  must  be  taken  into  account  for  manufacturing 
p purposes,  and  at  the  present  time  there  is  produced  at  many  places, 
and  especially  at  J ena,  a glass  for  apparatus  which  is  considerably 
superior  in  quality  to  the  best  sorts  of  glass  previously  made. 

The  action  of  water  on  glass  consists  in  free  alkali  and  alkali 
i si|icate  passing  into . solution,  a hydrated  silicate  containing  less  alkali 
\ being  left.  This  action  increases  very  rapidly  with  rising  temperature, 

■ and  above  200°  no  glass  withstands  the  action  of  water. 

In  the  manufacture  of  glass,  one  starts  with  silicon  dioxide  (quartz 
i sand),  potassium  or  sodium  carbonate,  and  calcium  carbonate.  The 
:j  .components,  mixed  in  the  proper  proportions,  are  first  maintained  for 
: some  time,  at  a moderate  red  heat ; the  silicates  are  thereby  formed, 
but  no  fusion,  only  sintering,  occurs.  This  is  done  in  order  that  the 
j larbon  dioxide  may  escape  without  the  mass  being  thrown  out  of  the 
o -vessels  by  the  evolution  of  gas.  The  “ frit  ” is  then  fused  at  a higher 
■temperature,  and  is  maintained  at  such  a temperature  for  a sufficiently 
ong  time  to  allow  the  gas  bubbles  to  escape,  and  the  undissolved 
: neces  of  the  mass  to  sink  to  the  bottom. 

L If  the  glass  is  to  be  worked  up  by  pouring  into  moulds,  it  may  be 
ised  in  the  above  condition  of  a thin  liquid.  Generally,  however,  the 
Ip.  is  “blown,”  and  for  that  purpose  it  must  be  rendered  more 
viscous  by  lowering  the  temperature.  The  blowing  of  glass  is  a 
? ,ap!ng.f  it  with  the  help  of  surface  tension.  A certain  amount  of 
H e liquid  Slass  ,s  taken  up  with  an  iron  tube,  the  “blow-pipe,”  and 
l3  blown  lIP  like  a soap-bubble.  The  fundamental  form  which  is 
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obtained  is  therefore  a hollow  sphere ; under  the  action  of  gravity,  c t f 
centrifugal  force,  and  especially  by  suitably  heating  and  coolin  i 
different  parts  of  the  object,  very  various  forms  can  be  produced. 

For  many  pieces  of  apparatus,  especially  when  small  and  comply 
cated,  the  glass  is  worked  before  the  blowpipe,  after  it  has  been  brough/  i 
into  the  form  of  tubes  of  various  thickness  and  width  in  the  glass 4 h 
works.  These  tubes  are  obtained  by  first  blowing  a bulb,  then  fusin. , i 
an  iron  rod  to  a point  diametrically  opposite  to  the  blow-pipe  am  i 
rapidly  separating  the  two  points  of  attachment  from  one  another,  j 
very  elongated  ellipsoid  is  formed,  the  middle  portion  of  which  doe  \ > 
not  deviate  materially  from  a cylinder.  In  working  before  the  blow*  .< 
pipe,  the  same  aids  are  employed  as  in  the  works,  viz.,  surface  tensioi  \ i 
and  suitable  heating. 

Moulded  objects  must  be  “annealed,”  and  this  must  be  all  th  I 
more  carefully  done  the  thicker  and  larger  these  objects  are.  Th 
annealing  consists  in  allowing  the  temperature  of  the  glass  to  sink  . 
only  very  slowly.  Quickly  cooled  glass  contains  internal  strains  I 
which  arise  in  the  following  manner.  In  rapid  cooling,  a low  tem  i 
perature  is  soon  established  at  the  surface,  and  the  outermost  laye  { ; 
solidifies  while  the  interior  is  still  very  hot.  The  external  volume  0 j 
the  lump  corresponds,  therefore,  to  the  volume  possessed  by  th« 
interior  portion  at  the  high  temperature ; when  the  mass  has  become  % 
quite  cold,  the  interior  tends  to  contract,  and  thereby  exerts  on  th< 
outer  layer  a pressure  which  is  directed  inwards.  In  the  case  of  thicl 
glass  which  has  been  quickly  cooled,  this  pressure  is  so  great  that  i 
the  surface  is  slightly  scratched,  the  mass  suddenly  flies  into  man) 
pieces  ; this  can  be  seen  with  “Rupert’s  drops,”  which  consists  of  glas: 
treated  in  the  above  manner.  If,  however,  the  cooling  is  performed 
slowly,  the  different  parts  of  the  mass  have  always  about  the  same 
temperature,  and  strains  cannot  be  produced. 

Pieces  of  a regular  shape,  e.cj.  cylindrical  tubes,  generally  do  not 
require  to  be  annealed,  because  the  strains  are  distributed  symmetri 
cally,  and  under  certain  conditions  can  then  even  become  useful. 

Glass  existing  of  pure  calcium  and  alkali  silicate  is  colourless.- 
For  cheaper  kinds,  less  pure  material  is  used,  and  the  iron,  which  is  , 
seldom  absent,  imparts  the  well-known  black-green  or  brown  colour  tc  j 
the  glass,  as  is  seen  in  the  case  of  bottle-glass.  In  the  place  of  sodium  : 
carbonate  also,  the  cheaper  sodium  sulphate  is  frequently  employed  > 
charcoal  is  then  added,  so  that  sodium  sulphite  is  formed,  which  is  more 
readily  converted  into  silicate  by  the  silicic  acid.  Such  glass  generally 
contains  some  sodium  sulphate  or  even  sodium  sulphide,  and  under 
certain  circumstances  these  can  give  rise  to  considerable  errors  in 

chemical  operations.  . 

Coloured  glass  is  obtained  by  the  addition  of  various  metallic, 
oxides.  Thus,  cobalt  gives  blue ; copper  oxide  and  chromium  oxide,  p 
green  ; iron  oxide,  yellow  to  brown  ; manganese  dioxide,  violet  glass.- 
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Further,  glass  has  the  remarkable  property  of  dissolving  various  metals 
jn  the  colloidal  state.  Very  intense  colorations  are  then  produced ; 
[•  dark  red  with  copper  or  gold,  yellow  with  silver.  Charcoal  also 
dissolves  in  melting  glass,  and  imparts  to  it  an  intense  yellow-brown 
t colour. 

Milk  glass  is  prepared  by  adding  calcium  j)hosphate  (bone-ash)  or 
tin  dioxide,  which  do  not  dissolve  in  the  glass,  and  therefore  give  it  a 
: white  and  opaque  appearance. 

Combining’  Weight  of  Calcium. — In  spite  of  the  great  import- 
• ance  of  this  number,  which  comes  into  account  in  all  mineral  and 
water  analyses,  a sufficiently  exact  knowledge  of  it  has  only  recently 
i been  obtained ; the  combining  weight  has  been  found  to  be  Ca  = 40’1, 
i.  a somewhat  higher  number  than  that  which  was  long  used,  viz.  40 ’0. 
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General.— Magnesium  bears  the  same  relation  to  calcium  as  sodium 
does  to  potassium.  This  relation  finds  expression  not  only  in  th 
values  of  the  combining  weights,  but  also  in  the  similarities  to  thb 
other  members  of  the  group.  This  is  particularly  well  seen  in  the  fac> 
that  magnesium  is  of  more  frequent  occurrence  than  calcium,  and  that, 
in  its  properties,  it  differs  from  calcium  more  than  the  latter  does  from  < 
the  corresponding  elements  of  higher  combining  weight,  strontium  am 
barium. 

That  an  elementary  metal  is  present  in  the  magnesium  salt,  wa 
regarded  by  Davy  as  indubitable  from  the  time  that  the  corresponding  ; 
fact  was  recognised  in  the  case  of  potassium  and  sodium.  Bunsen  j 
however,  was  the  first  to  prepare  the  metal  itself.  He  obtained  it  hi  i 
the  electrolysis  of  the  fused  chloride. 

* The  electrolysis  can  be  performed  in  the  lecture  by  employin;  j 
fused  carnallite  as  electrolyte  and  using  the  apparatus  represents  ' 

in  Fig.  110.  The  partition  and  the  prolonga. ! 
= tion  of  the  crucible  are  of  asbestos  mill-board<| 
the  cathode  is  a piece  of  iron  wire,  and  th 
anode  a thin  arc-carbon.  The  strength  of  th 
current  is  about  3—10  amperes. 

Magnesium  is  now  manufactured  in  ver 
large  amount  by  electrolysis,  and  is  used  fa  , 
various  purposes.  It  is  a white,  rather  tough 
metal,  which  keeps  fairly  well  in  the  air ; it  i j 
scarcely  attacked  by  cold  water,  but  in  boiling 
water  it  slowly  evolves  hydrogen.  In  dilut* 
acids  it  very  rapidly  dissolves,  with  energeti* 
evolution  of  hydrogen.  It  melts  at  about  750  , and  volatilises  at  ^ 

bright  white-heat.  . , • 

Heated  in  the  air,  magnesium  burns  with  a very  bright,  wu  ^ 
flame,  which  is  largely  made  use  of.  For  example,  instantaneous 
photographs  can  be  easily  taken  by  magnesium  light,  bor  tni» 
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■ purpose  magnesium  is  used  in  powder  form,  and  is  either  blown 
through  a flame  or  is  mixed  with  potassium  chlorate  or  perchlorate, 
sometimes  ivith  potassium  permanganate,  and  ignited. 

* The  former  method  has  the  advantage  that  comparatively  little 
metal  is  required,  especially  when  pure  oxygen  is  used  instead  of  air 
for  blowing  it ; but  it  has  the  disadvantage  that  the  flash  lasts  for 

, a comparatively  long  time,  about  0 3 second.  The  second  method 
i requires  larger  quantities  of  magnesium,  but  the  flash  lasts  only  0T 
!■  second,  or  less.  The  last  mentioned  mixture,  however,  is  rather 
. dangerous,  as  it  readily  explodes ; it  ought  not,  therefore,  to  be 
t prepared  in  large  quantity. 

* Magnesium  is  also  used  for  other  purposes  where  a bright, 
transient  light  is  required ; in  such  cases  the  magnesium  is  generally 

i burned  in  the  form  of  ribbon  in  specially  constructed  lamps.  Mag- 
nesium is  also  used  for  adding  to  fire-works. 

Magnesium  is  an  exceedingly  effective  reducing  agent  at  a high 
; temperature.  Silicon,  boron,  and  most  of  the  other  metals  can  be 
; obtained  by  heating  their  oxygen  compounds  with  magnesium  powder, 

; the  latter  thereby  passing  into  its  oxide,  MgO. 

■ Magnesion. — Like  the  other  elements  of  this  group,  magnesium 
i forms  only  one  kind  of  ion,  viz.  divalent  magnesion  Mg".  This  is 
■colourless,  and  can  be  detected  by  means  of  a number  of  precipitations, 
t Its  heat  of  formation  from  the  metal  amounts  to  456  kj. 

’ Of  its  special  properties,  it  may  be  mentioned  that  it  forms  with 
hydroxidion  a very  difficultly  soluble  hydroxide,  which  is  precipitated 
from  solutions  containing  magnesion  by  the  addition  of  dissolved 
hydroxides  of  the  alkali  and  the  other  alkaline  earth  metals.  For  the 
■detection  and  determination  of  magnesion,  ammonium  magnesium 
phosphate,  MgNH4P04,  is  chiefly  used;  this  is  deposited  as  a hydrated, 
distinctly  crystalline  precipitate  on  adding  phosphanion  along  with 
immonia  to  a solution  containing  magnesion.  A mixture  of  sodium 
phosphate  and  ammonia  is  generally  employed.  The  other  alkaline 
iarth  metals,  as  well  as  all  heavy  metals,  must  have  been  previously 
•emoved  from  the  solution,  as  is,  indeed,  customarily  done  in  the 
regular  course  of  analysis. 

Powerful  physiological  or  medicinal  actions  are  not  possessed  by 
r magnesion,  but  it  has  a distinctly  bitter  taste.  It  does  not  play  any 
pecud  role  in  the  animal  organism,  although,  on  account  of  its  frequent 
P ’CCUiTence  tlie  earth’s  crust,  it  is  generally  present  in  it. 

Magnesium  Hydroxide  and  Magnesium  Oxide.— Difficultly 

■ oluble  magnesium  hydroxide  immediately  separates  out  as  a white 

- eme what  gelatinous  precipitate  from  solutions  in  which  magnesion 
‘ net  hydroxidion  come  together.  Although  difficultly,  it  is  still  an 
' ,reciably  soluble  in  water,  for  it  produces  distinctly  blue  marks  on 

■ moistened  htmus  paper.  In  accordance  with  known  laws  (p  440) 

solubility  is  less  in  solutions  containing  hydroxidion  The 
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presence  of  magnesion  has  the  same  effect,  if  new  compounds  are  no 
formed. 

This  seems  to  be  contradicted  by  the  fact  that  magnesia  dissolve  • It 
to  an  appreciable  extent  in  ammonia,  and  abundantly  in  any  ammonium  i 
salt,  e.g.  ammonium  chloride.  The  explanation  of  this  is,  however,  a \ i 
follows.  Ammonia  is  a slightly  dissociated  base;  when,  therefore!  t 
ammonion  and  hydroxidion  come  together  in  solution,  the  greater  paid  j 
of  these  unite  together  to  form  undissociated  ammonium  hydroxide  o » 
ammonia.  If,  now,  water  is  poured  over  some  magnesium  hydroxide  it  a 
a certain  small  amount  of  this  passes,  as  already  mentioned,  into  sole : 4 
tion,  magnesion  and  hydroxidion  being  formed.  If  to  this  solution  c 
fairly  large  quantity  of  ammonion  is  added,  this  withdraws  the  great® > | 
part  of  the  hydroxidion,  and  more  magnesium  hydroxide  must  pasi  p 
into  solution  in  order  that  the  solubility  product  may  be  reachec  ■< 
These  fresh  amounts  of  hydroxidion  which  go  into  solution  are  als.;< 
removed,  and  this  process  goes  on  until  either  all  magnesium  hydroxid 
is  dissolved  or  the  equilibrium  between  hydroxidion  and  ammonion  i 
attained. 

From  this  it  is  also  seen  why  ammonium  salts  exert  a so  muc<. 
more  powerful  solvent  action  than  free  ammonia.  In  the  first  place,  th  . 
latter  is  much  less  dissociated,  and  contains,  therefore,  comparative! 
little  ammonion  ; and,  in  the  second  place,  it  contains  hydroxidion,  am 
thereby  diminishes  the  solubility  of  magnesium  hydroxide. 

This  behaviour  of  magnesium  hydroxide  is  an  important  character 


istic  in  analysis. 

Magnesium  hydroxide,  on  being  heated,  very  readily  loses  wate 
and  passes  into  the  anhydride,  magnesium  oxide  or  magnesia , MgCb 
This  is  a white,  very  light  powder,  which  is  generally  prepared  b; 
heating  basic  magnesium  carbonate,  to  be  mentioned  later,  and  i 
therefore  called  magnesia  usta,  or  calcined  magnesia.  It  is  used  ii 
medicine  as  a mild  alkali. 

Magnesia  withstands  very  high  temperatures  without  melting,  am 
is  therefore  used  for  lining  furnaces  in  which  high  temperatures  an 
produced.  The  strongly  illuminating  power  of  burning  magnesium  i 

due  to  the  same  fact.  _ jij 

On  being  mixed  with  water,  magnesia  which  has  been  leebr 
heated  takes  up  some  of  the  latter  and  forms  magnesium  hydroxide 
with  slight  evolution  of  heat.  When  strongly  heated,  magnesi* 
diminishes  in  bulk,  becomes  crystalline,  and  loses  its  power  of  umtim 

with  water.  . . 

For  technical  purposes,  magnesia  is  obtained  either  by  heating  in 

naturally  occurring  magnesium  carbonate  (which  see),  or  by  decompos- 
ing magnesium  chloride,  which  is  formed  in  large  quantities  as  a by- 
product in  the  preparation  of  potassium  chloride  from  carnallite,  3 

means  of  lime.  . , 

Magnesium  Chloride  is  very  readily  soluble,  and  deliquesc 
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the  air } from  its  very  concentrated  solutions  it  crystallises  in  the  cold 
with  6H„0.  The  hydrated  crystalline  salt  cannot  be  dehydrated  by 
heating  without  undergoing  decomposition,  for  it  loses  hydrogen 
chloride,  and  magnesium  oxide  or  a basic  chloride  is  formed  : MgCl2  + 
H.,0  = MgO  + 2HC1.  This  reaction  is  made  use  of  on  the  large  scale 
for  obtaining  hydrochloric  acid  ; in  recent  times  this  has  become  of 
b greater  importance  from  the  fact  that  the  formerly  very  abundant 
fa.  source  of  hydrochloric  acid  constituted  by  the  Le  Blanc  method  of 
manufacturing  soda  is  beginning  to  fail.  For  this  reason  magnesia  is 
>•  used  even  in  those  alkali  works  which  use  the  ammonia  process  for 
; the  decomposition  of  the  ammonium  chloride  which  is  formed  (p.  492), 
I because  magnesium  chloride  can  be  much  more  easily  decomposed  by 

I steam  than  calcium  chloride. 

Magnesium  chloride  forms  double  salts  with  potassium  or  ammonium 
chloride,  of  which  that  with,  potassium  chloride,  MgCl2.KCl.  6H20, 

1 called  carnallite,  is  the  most  important  naturally  occurring  potassium 
o.  salt.  It  is  found  in  large  quantities  at  Stassfurt  and  in  other  parts  of 
Middle  and  North  Germany,  and  is  separated  into  its  components  by 
f,  crystallisation  in  the  heat.  The  rather  complicated  equilibrium  rela- 
v tions  which  exist  in  such  solutions,  show  that  in  general  it  is  most 
< expedient  to  work  at  high  temperatures.  For  example,  if  carnallite  is 
heated  without  the  addition  of  water,  it  liquefies  at  176°,  and  deposits 
the  greater  part  of  the  potassium  chloride  in  the  solid  state  ; on  cooling- 
down,  almost  all  the  rest  of  the  potassium  chloride  crystallises  out  as 
| carnallite,  and  the  magnesium  chloride  remains  in  the  mother  liquor. 

I The  greater  part  of  the  magnesium  chloride  produced  in  the  manu- 
facture of  the  potash  salt  finds  no  application  at  present,  but  is  turned 
into  the  river  channels.  It  is  to  be  desired  that  some  technically 
practicable  means  may  be  discovered  to  put  an  end  to  this,  from 
various  points  of  view,  detrimental  waste. 

Magnesium  Sulphate,  MgSO^,  is  a substance  well  known  under 
the  name  of  Epsom  salts ; it  has  a bitter  taste,  due  to  magnesion.  It 
usually  crystallises  in  rhombic  crystals  with  7H90.  It  can,  however, 
occur  in  a number  of  other  forms  containing  from  12H90  to  1H.,0, 
according  to  the  temperature.  Mono-hydrated  magnesium  sulphate 
occuis  in  the  Stassfurt  salts  as  kieserite.  Dissolved  magnesium  sul- 
phate is  a constituent  of  many  mineral  waters,1  to  which  it  imparts  a 
bitter  taste,  and  which  are  known  as  magnesia  waters.  The  action  of 

aEpsom  salts  in  the  intestine  is  quite  similar  to  that  of  Glaubers  salt 
(p.  482). 

Magnesium  sulphate  unites  with  potassium  or  ammonium  sulphate 
to  form  double  salts  of  the  formula  MgS04 . K2S04 . 6H20.  The  potas- 

I sium  compound  has  the  mineralogical  name  schoenite,  and  is  used  as  a 
i ■potash  manure. 

I waters' at  Epsom  ^Tr™  * d°rived  from  the  occurrellce  of  tllis  sal1  in  the  mineral 
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By  double  salt  there  is  understood  a crystalline  compound  of  seven  i 
normal  salts  with  one  another.  This  combination  exists  essentiallj  J 
only  in  the  solid  state,  for  the  aqueous  solutions  of  these  double  salts  - 
exhibit  exactly  the  same  reactions  as  belong  to  the  ions  of  the  single 
salts,  and  no  reactions  which  could  belong  to  any  new  ions.  The  ' 
determination  of  the  molar  weights  of  these  aqueous  solutions,  also,  a 
shows  that  no  combination  between  the  single  salts  exists  to  ar  i 
appreciable  extent;  for  the  depression  of  the  freezing  point,  for  example, ■>  1 
is  equal  to  the  sum  of  the  depressions  which  are  caused  by  the  single,  i 
salts  under  the  same  conditions. 

This  holds  in  the  first  instance  for  dilute  solutions.  In  concen-  | 
trated  solutions  certain  phenomena  point  to  combination  existing  in  j 
them  to  a certain,  although  not  large,  extent. 

As  a rule,  double  salts  are  less  soluble  in  water  than  the  com-  \ 
ponents.  If  the  difference  is  great,  these  double  salts  .readily  crystal-,  i 
lise  from  solutions  in  which  the  components  are  brought  together.  If.!  ; 
however,  the  solubilities  are  of  the  same  order,  it  depends  on  the  tem- 
perature and  the  relative  amounts  whether  crystals  of  the  double  salt 
or  of  one  of  the  components  are  obtained  on  concentration.  In  some  i 
cases  double  salts  can  be  obtained  only  from  solutions  which  contain  a i 
large  excess  of  one  of  the  components.  This  holds,  for  example,  for 
the  crystallisation  of  carnallite,  which  is  formed  only  from  solutions'  i 
containing  a large  excess  of  magnesium  chloride. 

Double  salts  are  generally  so  constituted  that  the  single  salts  ha\  e 
one  ion,  either  the  cation  or  the  anion,  in  common.  Double  salts  with 
different  cations  and  anions  do  indeed  occur,  but  they  are  more  seldom. 

A double  salt  of  this  nature  is  kainite,  KC1 . MgS04 . 3H20,  which  occurs* 
at  Stassfurt. 

The  complex  salts  must  be  distinguished  from  the  double  salts.  • 
Like  the  double  salts,  they  can  be  formed  by  the  union  of  two  simple* 
salts,  but  their  reactions  in  solution  differ  from  those  of  the  latter, 
which  shows  that  new  substances  (ions)  are  formed.  Further  infer- 
* mation  concerning  this  interesting  class  of  compounds  will  be  given 
later,  when  we  come  to  describe  some  complex  salts  (v.  Chap.  XXVH).J 
The  ’ alkali  and  alkaline  earth  metals  do  not  form  any  complex 

cations.  . * 

The  isomorphous  mixtures , also,  must  be  distinguished  from  tne  j 
double  salts.  They  arise  by  the  crystallisation  of  isomorphous  salts:! 
from  a common  solution  ; thus,  for  example,  a mixed  solution  of 
rubidium  and  potassium  sulphates,  or  of  sodium  sulphate  and  sodium 
selenate,  deposits  crystals  whose  composition  also^ appears  as  the  sum  o 
the  two  components.  These  mixtures  differ  from  the  double  salts  in: 
the  fact  that  their  components  are  not,  or  are  only  accidentally,  presen  n 
in  combining  proportions,  and  in  the  fact  that  their  composition  \aries  i 
continuously  with  the  composition  of  the  solution  from  which  they  are  J 
deposited.  Their  composition,  therefore,  cannot  be  represented  by  an  * 
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ordinary  chemical  formula,  but  only  by  one  with  indefinite  or  con- 
tinuously varying  coefficients.  They  are  usually  written  in  the  form 
(K,Rb)2S04,  and  Na.2(S,Se)04 . 10H2O,  the  elements  which  replace  one 
j another  in  indefinite  proportions  being  placed  in  brackets  and  separated 
by  a comma. 

The  double  salts,  however,  arc  always  compounded  in  combining 
proportions,  and  can,  therefore,  be  represented  by  a chemical  formula 
j with  definite,  integral  coefficients. 

Magnesium  Carbonate,  MgC03,  is  a salt  very  difficultly  soluble 
in  water,  which  occurs  in  nature  in  large  masses.  As  a mineral,  it  is 
i called  magnesite,  and  crystallises  in  rhombohedra  -which  are  isomor- 
phous  with  those  of  calc-spar. 

When  aqueous  solutions  containing  magnesion  and  carbanion  are 
mixed,  a white,  gelatinous  precipitate  is  deposited,  and  carbon  dioxide 
is  evolved  at  the  same  time.  This  precipitate  is  not  pure  magnesium 
! carbonate,  but  a varying  mixture  of  carbonate  and  hydroxide.  The 
higher  the  temperature  and  the  greater  the  dilution,  the  greater  is  the 
. amount  of  hydroxide  and  the  less  that  of  the  carbonate  contained  in 
■ the  precipitate.  Washed  with  water  and  dried  at  a low  temperature, 
this  basic  magnesium  carbonate  is  placed  on  the  market  in  the  form  of 
. a light  and  loose  powder,  and  is  used  in  medicine  as  a mild  alkali.  It 
is  called  magnesia  alba. 

* The  cause  of  this  reaction  is  found  in  the  hydi’olysis  which 
the  carbonates  undergo,  and  in  the  small  solubility  of  magnesium 
hydroxide.  In  the  aqueous  solutions  of  calcium  carbonate,  also, 
hydrolysis  occurs,  and  the  ions  HC03'  and  OH'  are  formed  from  car- 
banion, C03",  under  the  action  of  the  water.  Since,  however,  calcium 
hydroxide  is  much  more  soluble  than  the  carbonate,  the  solubility 

1 ' product  of  the  former  is  never  reached,  in  spite  of  the  presence  of 

hydroxyl ; and  although  the  solution  reacts  alkaline,  it  deposits  no 

i hydroxide.  In  the  same  way,  when  the  ions  Ca",  CO./',  HCO./,  and 

OH'  come  together,  as  happens  in  the  precipitation  of  a calcium  salt 
with  a soluble  carbonate,  the  solubility  product  of  the  calcium  car- 
bonate is  much  sooner  reached  than  that  of  the  hydroxide ; the  preci- 
pitate, therefore,  in  spite  of  the  hydrolysis  which  occurs,  consists  of 
normal  carbonate.  On  the  other  hand,  in  the  case  of  magnesium,  the 
; 'Solubility  product  of  the  hydroxide  is,  under  such  conditions,  reached 
; about  the  same  time  as  that  of  the  carbonate. 

The  normal  carbonate  can  be  prepared  from  the  basic  salt  by  sus- 
’ pending  the  latter  in  water  and  passing  in  carbon  dioxide.  After 
some  time  crystalline  crusts  of  the  hydrate,  MgC03  + 3Ho0,  are 
formed.  On  being  treated  with  much  water,  especially  in  the  heat,  it 
again  passes  into  the  basic  hydrate. 

Magnesium  carbonate  forms  various  double  salts  with  the  alkali 
v carbonates.  One  of  these,  MgCOs  . KHC03.  4H20,  is  deposited  when 
carbon  dioxide,  under  pressure,  is  passed  into  a solution  of  potassium 
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chloride  containing  magnesium  carbonate  in  suspension  ; magnesium  i 
chloride  is  formed  at  the  same  time  and  remains  in  solution.  When  i 
this  double  salt  is  treated  with  steam  under  pressure,  it  decomposes^ 
into  potassium  carbonate,  which  passes  into  solution,  and  magnesium,  /i 
carbonate,  Avhich  is  deposited  ; at  the  same  time  carbon  dioxide  ( y 
escapes.  These  reactions  are  made  use  of  for  obtaining  potassium  i 
carbonate  from  potassium  chloride  (p.  456). 

Another  double  salt  of  magnesium  carbonate  is  that  with  calcium  si 
carbonate.  This  forms  enormous  rock  masses,  and  in  mineralogy  is  • 
called  dolomite.  The  composition  is  CaC03  . MgCOs. 

* Formerly,  dolomite  was  regarded  as  an  isomorphous  mixture  of  i 
the  two  carbonates,  especially  as  these  salts  are  really  isomorphous.'  ^ 
The  uniform  composition,  however,  corresponding  to  the  formula,  ii 
makes  it  very  natural  to  suppose  that  it  is  a chemical  compound  ;i  fl 
recently,  also,  it  has  been  proved  that  dolomite,  in  spite  of  the  fact  .1 
that  it  crystallises  in  rhombohedra,  really  belongs  to  another  group  of  i 
the  trigonal  system  than  the  two  single  carbonates,  so  that  it  cannot  t 
be  isomorphous  with  these,  although  the  forms  appear  very  similar.  I 
A further  argument  against  isomorphism  is  that  the  properties  ( e.g . the;f  ^ 
density)  of  dolomite  are  not  equal  to  the  mean  of  the  properties  of  the  ■ i 
two  components,  as  is  the  case  with  true  isomorphous  mixtures,  but  ; 
differ  from  this  by  definite  amounts,  which  is  again  a characteristic  of 
chemical  combination. 

* There  are  numerous  varieties  of  calc-spar  which  contain  mag-, 
nesium  carbonate,  and  which  are  as  frequent  as  the  varieties  of  mag-, 
nesite  containing  lime.  These  are  true  isomorphous  mixtures.  The  j 
amount  of  admixed  substance,  however,  is  never  greater  than  a few- 
per  cent.  This  is  connected  with  the  fact  that  many  isomorphous 
substances  cannot  crystallise  together  in  all  proportions,  but  only  upijj 
to  a certain  limit.  This  is  a phenomenon  quite  similar  to  that  of  the 
limited  mutual  solubility  of  some  liquids.  Thus,  calc-spar  can  take  up 

a few  per  cent  of  magnesite  to  form  an  isomorphous  mixture,  and 
versa;  the  limit  of  mixing  is,  however,  then  reached,  and  an  excess  isil 
not  possible.  In  like  manner,  ether  can  dissolve  a few  per  cent  of 
water,  and  water  about  1 0 per  cent  of  ether,  but  no  more. 

Magnesium  Phosphates.— The  compounds  of  magnesium  with 
phosphoric  acid  have,  in  general,  neither  a theoretical  nor  a practical 
interest,  except  magnesium  ammonium  phosphate,  which  has  been 
already  mentioned,  and  which  is  formed  when  the  requisite  ions  come 
together  in  solution.  It  is  then  deposited  as  a precipitate  which  is  very 
difficultly  soluble  in  water  containing  ammonia  ; it  has  the  composition 
MgNH4P04 . 6H20,  and  is  also  found  naturally  as  struvite,  in  localities 
where  the  conditions  of  its  formation  are  present.  On  being  heated,  l 
loses  ammonia  and  water  and  passes  into  magnesium  pyrophosphate, 
Mg  P 07.  In  this  form  the  precipitate  is  weighed.  It  is  Aery 
readily  soluble  in  acids,  is  decomposed  by  pure  Avater,  but  can  e- 
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I cashed  with  water  containing  ammonia  without  undergoing  decom- 
; position.  All  these  properties  can  be  explained  by  the  law  of  mass 
i action. 

As  all  reagents  are  reciprocal,  phosphamon  can  be  used  as  a re- 
agent  for  magnesion  just  as  well  as  magnesion  can  be  used  for  phos- 
phanion.  For  the  latter  purpose,  “ magnesia  mixture,”  a mixture  of 
magnesium  chloride,  ammonium  chloride,  and  ammonia  in  aqueous  solu- 
\ tion,  is  used.  When  this  mixture  comes  together  with  phosphanion, 

, the  precipitate  of  magnesium  ammonium  phosphate  immediately  sepa- 
? rates  out,  and  is  then  used  for  the  determination  of  phosphoric  acid 
I , (e..g.  in  artificial  manures). 

Of  the  other  anions,  that  of  arsenic  acid  is  the  only  one  that  gives 
■;  a similar  precipitate.  It  is  used  for  the  precipitation  and  determina- 
tion of  arsenic  acid.  Confusion  with  phosphoric  acid  is  easily  avoided 
by  means  of  the  different  behaviour  of  the  original  solution  towards 
; sulphuretted  hydrogen  ( vide  infra). 

Magnesium  Sulphide. — Magnesium  sulphide,  MgS,  is  obtained 
i as  a yellow-gray  mass  by  strongly  heating  magnesium  metal  in  the 
I;  vapour  of  sulphur.  With  water,  it  undergoes  decomposition  to  sul- 
i phuretted  hydrogen  and  magnesia  : MgS  + 2H20  = Mg(OH)2  + H2S. 
For  this  reason,  no  magnesium  sulphide  is  obtained  by  the  action  of 
sulphuretted  hydrogen  on  magnesia,  or  of  ammonium  sulphide  on 

! magnesium  salts  in  solution ; but  in  the  latter  case,  only  magnesia  is 
precipitated. 

Magnesium  hydrosulphide,  Mg(HS)2,  however,  can  be  obtained  in 
i solution  by  passing  sulphuretted  hydrogen  into  water  containing  mag- 
i' nesium  hydroxide  in  suspension.  The  magnesia  dissolves  slowly  but 
u abundantly  ; the  liquid  which  is  formed,  however,  is  very  unstable,  and 
i on  evaporation  entirely  decomposes  into  magnesia  and  sulphuretted 
I hydrogen. 

* In  these  reactions  we  again  perceive  the  same  behaviour  as  in 
the  case  of  calcium  sulphide  (p.  521),  only  with  such  differences  as  are 
r caused  by  the  slight  solubility  of  magnesium  hydroxide.  The  decom- 
f-  posability  of  the  sulphur  compounds  of  magnesium  is  thereby  increased, 

1 since  the  precipitated  hydroxide,  being  a solid  substance,  no  longer 
S>  takes  part  in  the  equilibrium,  and  thus  renders  a further  decomposition 
I in  the  same  sense  possible. 

The  Magnesium  Silicates  are  exceedingly  widely  distributed  in 
i;  nature.  Talc  and  olivine  are  anhydrous,  soapstone  and  serpentine  hydrated, 
j silicates  of  magnesium.  Further,  magnesium  silicate  forms  a constituent 
of  numerous  compound  silicates. 

Of  all  the  light  metals  which  have  to  be  taken  into  account, 

; magnesium  is  the  only  one  whose  silicates  withstand  the  action  of 
■'  water  and  carbonic  acid,  so  that  they  can  be  formed  afresh  under  the 
r c°mlitions  which  prevail  at  the  present  time  on  the  earth’s  surface 
f (p.  421).  This  is  especially  true  of  the  hydrated  compounds  - in  the 
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occurrence  of  serpentine,  the  slow  transformation  of  the  original  rod  i 
into  the  new,  stable  compound  can  be  observed  in  all  stages. 

The  above  mentioned  silicates  have  rather  different  compositions . >i 
and,  except  olivine,  contain  more  silicon  dioxide  than  corresponds  U : J 
the  composition  of  an  orthosilicate.  They  are  distinguished  by  beinj  ■ 
of  a peculiarly  soft  and  easily  worked  nature,  accompanied  by  a grea . . 
resistance  to  high  temperature,  and  on  this  depend  their  applications  > 
They  are  mostly  fairly  readily  decomposed  by  sulphuric  acid. 

Magnesium  Nitride. — Magnesium  nitride,  Mg3N2,  is  obtained  a 
a yellowish,  porous  mass  by  heating  metallic  magnesium  to  incanu  • 
descence  in  nitrogen  or  ammonia  gas.  It  is  decomposed  with  energy  i 
by  water,  with  formation  of  ammonia  and  magnesium  hydroxide  Id 
Mg3N2  + 6H20  = 3Mg(OH)2  + 2NH3.  In  this  way  ammonia  can  b. 
obtained  from  free  nitrogen  (p.  347) ; for  practical  purposes,  however 
the  method  is  still  too  expensive. 


CHAPTEK  XXV 


STRONTIUM,  BARIUM,  AND  BERYLLIUM 

j]  General. — Allied  to  calcium  are  two  metals  of  higher  combining 
| weight  which  are  verisimilar  to  calcium  in  many  respects,  and  which 
; bear  the  same  relation  to  it  as  rubidium  and  caesium  do  to  potassium. 

This  relation  finds  expression  not  only  in  similar  differences  of  the 
i combining  weights,  but  also  in  isomorphism,  in  the  relative  frequency 
of  occurrence  on  the  earth’s  surface,  and  in  many  other  respects.  The 
general  summary  of  these  points  of  agreement  will  be  given  at  the 
end  of  the  book. 

These  two  metals  are  called  Strontium  and  Barium.  They  are,  it 

i is  true,  much  rarer  than  calcium,  but  cannot  be  designated  as  rare 
elements  in  the  same  sense  as  rubidium  and  caesium  can.  On  the 

ii  contrary,  they  are  pf  sufficiently  frequent  occurrence  to  allow  of  both 
pbeing  characterised  as  elements  as  early  as  the  eighteenth  century 
3'- (strontium  in  1792  by  Hope,  barium  in  1774  by  Scheele),  and  of 
f their  compounds  being  applied  for  various  purposes. 

Strontium  has  the  combining  weight  87 ‘61,  and  occurs  in  nature 
! chiefly  as  sulphate  and  carbonate.  Metallic  strontium  can  be  fairly 
; readily  obtained  by  the  electrolysis  of  the  fused  chloride ; it  can  also 
be  obtained  by  preparing  strontium  amalgam  by  the  action  of  sodium 
! amalgam  on  a concentrated  solution  of  strontium  chloride,  and  dis- 
tilling off  the  mercury.  It  is  a yellowish,  rather  tough  metal  which 
; energetically  reacts  with  water  even  at  room  temperature. 

Strontium  forms  only  the  divalent  ion  Sr",  whose  solutions  are 
colourless,  and  whose  heat  of  formation  is  501  Icj. 

Strontium  Oxide,  SrO,  is  obtained  by  heating  the  carbonate  or, 
aiore  easily,  the  nitrate.  The  dissociation  of  strontium  carbonate 
^akes  place  with  much  greater  difficulty  than  in  the  case  of  calcium 
carbonate,  i.e.  at  the  same  temperature  its  dissociation  pressure  is 
considerably  smaller  (p.  512).  Strontium  oxide  unites  with  water  to 
orm  strontium  hydroxide  with  great  evolution  of  heat.  The  latter 
»n  also  be  obtained  directly  from  the  carbonate  by  heating  this  in  a 
current  of  steam;  the  decomposition  then  occurs  more  easily  than 
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without  this  aid.  This  is  due,  on  the  one  hand,  to  the  fact  that  ti 
partial  pressure  of  the  carbon  dioxide  is  diminished  by  the  stea:>i  4 
(p.  513),  and,  on  the  other  hand,  to  the  fact  that  in  place  of  tka  ■ 
oxide  there  is  formed  the  hydroxide,  which  stands  on  a lower  level.  , tl 

Strontium  Hydroxide  is  more  readily  soluble  in  water  thai  i 
calcium  hydroxide.  From  the  hot  saturated  solution  there  an 
deposited,  on  cooling,  hydrated  crystals  of  the  composition  Sr(OH)2  • I 
SH.,0.  The  solution  exhibits  the  properties  of  a strong  base,  anu  ' 
the  determination  of  the  electrical  conductivity  shows  that  there  is  * j 
large  degree  of  dissociation  into  the  ions  Sr"  and  20H'. 

Strontium  Carbonate  occurs  as  a mineral  under  the  nair  < 
strontianite.  This  crystallises  in  forms  of  the  rhombic  system,  whk  i 
are  isomorphous  with  those  of  aragonite  (p.  511);  a form  corresponi  j j 
ing  to  calc-spar  is  not  known.  When  the  ions  Sr"  and  C03"  com  ij 
together  in  aqueous  solution,  strontium  carbonate  is  deposited  as  ■ I 
white,  very  difficultly  soluble  precipitate,  which  soon  passes  into  tl:  I 
crystalline  state. 

Strontianite  is  used  as  the  initial  substance  in  the  preparation  ( k 
other  strontium  compounds.  Other  salts  can  be  readily  obtained  froi 
it,  as  the  carbonic  acid  can  be  expelled  by  almost  all  acids.  In  orde 
to  convert  strontianite  into  strontium  hydroxide  (an  operation  whic 
is  of  importance  on  account  of  the  use  of  the  latter  in  the  sugi;; 
industry),  it  can  be  heated  in  steam.  It  is  also  converted  int 
strontium  oxide  when  heated  with  charcoal : SrC03  + C = SrO  + 2CCI 
This  reaction  is  facilitated  by  water  vapour  : SrC03  + C + H20  = | 

. Sr(OH)2  + 2CO  (vide  supra). 

Strontium  Sulphate,  SrS04,  is  a white  salt  which  is  ver: 
difficultly  soluble  in  water ; it  occurs  naturally  as  celestine  (so-calle, 
from  its  frequently  occurring  of  a blue  colour,  due  to  impurities- 
The  mineral  crystallises  in  rhombic  forms,  and  is  isomorphous  wit; 
anhydrite.  From  aqueous  solution  it  is  obtained  as  a white  pr< 
cipitate  when  the  ions  Sr  and  SO^  come  together.  Its  solubility 
places  it  at  the  limit  of  what  can  be  used  in  analysis  ; when  necessary 
therefore,  the  solubility  is  reduced  by  the  addition  of  alcohol. 

In  order  to  convert  strontium  sulphate  into  other  salts,  it  ij 
reduced  to  strontium  sulphide  with  charcoal : SrS04  + 4C  = SrS  4 ( 
4CO ; this  can  be  easily  decomposed  with  acids.  To  prepare  tkl 
hydroxide  from  it,  the  sulphide  is  heated  in  a current  of  steamrj 
SrS  + 2H20  = Sr(OH)2  + H2S.  By  systematic  crystallisation  froc 
aqueous  solution,  also,  the  sulphide  can  be  decomposed,  as  in  t j 
case  of  calcium  (p.  521),  into  hydroxide,  which  crystallises  out,  an< 
hydrosulphide,  which  remains  in  solution ; by  boiling  the  sohitiou 
sulphuretted  hydrogen  can  be  expelled  and  the  separation  can  t 

be  continued.  , . j 

Strontium  Nitrate,  Sr(N03)2,  crystallises  anhydrous,  and  i 
readily  soluble  in  water ; it  is  used  in  pyrotechnics  for  making  reoi 
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Are  Eor  this  purpose  it  is  mixed  with  potassium  chlorate  and  a 
j combustiblc  substance,  sulphur  or  charcoal.  Strontium  has  the  pro- 
fs perty  of  imparting  a red  colour  to  flames,  and  by  this  means  it  can 
i be  readily  detected,  as  the  coloration  also  appears  in  the  non-luminous 
„ag  flame.  The  spectroscopic  decomposition  of  tliis  dazzling  light 
, shows  it  to  be  fairly  complex;  a sharp  blue  line  is  the  most 
i characteristic. 

Barium,  Ba,  has  the  combining  weight  137-4,  and  occurs  naturally 
. as  sulphate  and  carbonate. 

Metallic  barium  is  of  a white  colour,  melts  at  a red  heat,  and 
reacts  more  energetically  with  water  than  strontium  or  calcium. 
We  have  here,  therefore,  a repetition  of  the  same  state  of  affairs 
as  in  the  group  of  alkali  metals,  viz.,  the  action  with  oxygen  and 
i oxygen  compounds  is  more  energetic  the  higher  the  combining  weight 
of  the  metal. 

Metallic  barium  is  prepared  by  the  same  methods  as  were  given 
for  strontium.  It  has  as  yet  not  found  any  application  whatever. 

Barium  forms  only  the  divalent  ion  Ba",  which  is  colourless  and 
has  a poisonous  action  on  the  organism.  It  can  be  readily  detected 
by  means  of  the  exceedingly  difficultly  soluble  precipitate  which  it 
yields  with  sulphanion,  SO/'. 

Barium  Oxide,  BaO,  is  obtained  most  readily  as  a white,  heavy, 
crystalline  mass,  by  the  decomposition  of  the  nitrate  by  heat,  nitrogen 
peroxide  and  oxygen  being  evolved  and  barium  oxide  remaining 
behind:  2Ba(N03)2  = 2BaO  + 4N02  + 02.  The  temperature  at  which 
barium  carbonate  loses  its  carbon  dioxide  is  so  high  that  it  is  not 
suitable  for  the  preparation  of  the  oxide. 

The  oxide  unites  with  water,  with  the  evolution  of  much  heat,  to 
form  barium  hydroxide  or  baryta,  Ba(OH)2.  This  is  still  more  readily 
soluble  in  water . than  strontium  hydroxide  and,  like  the  latter,  it 
• crystallises  from  its  hot  saturated  solutions  in  large  crystals  with 
^ 8H.,0.  A solution  saturated  at  room  temperature  contains  3'7  per 
cent  hydroxide;  it  is  therefore  about  -}th  normal  (p.  187)  with  respect 

Eto  hydroxyl. 

Baryta  is  used  for  various  purposes.  Its  dilute  solution  is  used 
for  the  volumetric  estimation  of  acids  (p.  187);  for  this  purpose  it  is 
specially  suitable  from  the  fact  that  it  attacks  glass  much  less  than  a 
| corresponding  solution  of  caustic  potash  or  soda,  and  because  it  can 
> never  contain  carbonate,  from  the  fact  that  barium  carbonate  is  a very 
difficultly  soluble  salt,  and  is  therefore  precipitated  as  soon  as  it  forms, 
i This  last  circumstance  is  of  importance,  because  the  presence  of  car- 
bonic acid  renders  the  reactions  of  alkalimetric  indicators  indistinct, 
l an(l  therefore  impairs  the  exactness  of  the  determination.  To  prevent 
the  atmospheric  carbon  dioxide  changing  the  titre  of  the  solution,  the 
' bottle  and  burette  used  for  baryta  are  furnished  with  guard- tubes 
> filled  with  soda  lime,  and  are  always  kept  connected  with  one  another, 
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as  is  shown  in  Fig.  111.  The  burette  is  filled  by  sucking  at  the 
indiarubber  tube  g and  opening  the  clip  h. 

* Baryta  is  also  used  in  analytical  chemistry  in  cases  where  it  u I 
necessary  to  employ  a strong  base,  the  excess  of  which  can  be  subse^l 
quently  readily  removed.  Thus  magnesium  is  separated  from  potass  < 

sium  and  sodium  by  preparing  the 
sulphates  and  adding  excess  of  baryfe  . i 
to  the  solution  of  these.  All  three  >1 
elements  are  thereby  converted  intctfl 
hydroxides ; that  of  magnesium  if  1 
precipitated,  while  those  of  the  othei  j 
metals,  along  with  the  excess  o)  > 
baryta,  remains  in  solution.  If  carbor 
dioxide  is  now  passed  into  the  solu- 
tion,  the  barium  is  precipitated  as., 
carbonate,  and,  after  filtration,  then . 
is  obtained  a solution  of  the  alkah.i 
carbonates.  The  precipitate  consists: 
of  barium  sulphate,  barium  carbonate. 

^ and  magnesium  hydroxide ; it  is  ; 
treated  with  dilute  sulphuric  acid,  i j 
whereby  the  magnesium  hydroxide  ; 
passes  into  solution  as  sulphate,  and.  u 
all  the  barium  is  converted  inter 
sulphate.  The  two  can  be  easily  i 
separated  by  filtration. 

For  manufacturing  purposes  also, 
baryta  can  be  similarly  employed.  It  has  already  been  mentioned  that, 
pure  caustic  potash  or  caustic  soda  can  be  prepared  from  the  sulphates- 
by  means  of  baryta  (p.  474). 

For  the  preparation  of  baryta,  barium  sulphate  is  chiefly  employed.' 
This  is  reduced  to  sulphide  by  means  of  charcoal,  and  converted  into 
hydroxide  with  steam  (cf.  the  corresponding  processes  in  the  case  of  ; 
strontium).  From  the  solution  of  the  sulphide,  also,  the  sulphur  can.  • 
be  removed  by  boiling  with  a metallic  oxide,  e.g.  copper  oxide  : BaS  + - ’ 
CuO  + H20  = Ba(OH)2  + CuS.  . 

Barium  Sulphate,  BaS04,  occurs  fairly  widely  distributed  in  j 
nature  as  the  mineral  heavy  spar  or  barytes.  Both  these  names  arei| 
in  allusion  to  the  great  density  which  this  compound,  like  all  bariumnj 
compounds,  exhibits  ; it  amounts  to  4'5,  while  that  of  most  of  the  non-: 

metallic  minerals  is  about  2'5.  _ J 

Barium  sulphate  crystallises  in  rhombic  forms,  and  is  isomorphous 
with  anhydrite  and  celestine.  It  is  formed  in  all  cases  where  the  ions: 
Ba"  and  'S04"  come  together,  and,  as  it  is  very  difficultly  soluble,  it  is 
immediately  deposited  as  a white,  heavy  precipitate.  The  use  ot 
soluble  barium  salts,  i.e.  of  barion,  for  the  detection  and  deternunar. 
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! tion  of  sulphanion,  which  follows  from  the  above  reaction,  has  already 
i been  several  times  mentioned. 

Since  sulphuric  acid  is  a strong  acid,  other  acids  do  not  have  any 
e o-reat  solvent  action  on  barium  sulphate.  Further,  since  barium  can 
j in  no  way  pass  into  other  more  complex  ions,  there  is  no  solvent 
, whereby  barium  sulphate  can  be  rendered  soluble  in  aqueous  liquids. 
It  can  be  dissolved  only  in  some  substances  which  do  not  have  an 
ionising  action,  e.g.  concentrated  sulphuric  acid.  So  soon,  however,  as 
the  ions  are  caused  to  be  formed  by  dilution  with  water,  the  barium 
i sulphate  is  again  precipitated. 

On  account  of  this  resistance  to  chemical  attack,  the  naturally 
occurring  heavy  spar,  when  cut  in  plates,  is  used  in  the  manufactures 
for  lining  apparatus  in  which  strong  acids  are  worked  with.  The 
artificially  prepared  barium  sulphate  is  used  as  a pigment,  under  the 
name  “ permanent  white.”  It  is  prepared  by  dissolving  the  naturally 
occurring  barium  carbonate  in  hydrochloric  acid,  and  precipitating  the 
; clarified  liquid  with  sulphuric  acid.  Hydrochloric  acid  is  regenerated 
and  can  be  used  for  dissolving  further  quantities  of  carbonate. 

In  order  to  convert  barium  sulphate  into  other  barium  compounds, 

: it  is  reduced  with  charcoal  to  barium  sulphide,  which  can  be  readily 
: decomposed  by  acids  with  evolution  of  sulphuretted  hydrogen.  By 
> fusion  with  excess  of  alkali  carbonate  it  is  converted  into  barium 
i carbonate ; the  alkali  sulphate  which  is  formed  can  be  removed  by 
i washing. 

Barium  Carbonate,  BaC03,  occurs  naturally,  as  witlierite , in 
rhombic  crystals  which  are  isomorphous  with  aragonite  and  stronti- 
lanite.  It  is  used  as  a convenient  starting  material  for  the  manufac- 
ture of  other  barium  salts,  for  which  purpose  the  substance  is  decom- 
posed by  acids.  Its  conversion  into  oxide  by  heating  is  not  practicable, 
because  the  temperature  of  measurable  dissociation  is  too  high. 

On  bringing  the  ions  Ba " and  C03"  together,  barium  carbonate 
is  obtained  as  a white  precipitate,  readily  soluble  in  almost  all 
acids. 

In  preparative  chemistry,  pure  barium  carbonate  is  very  largely 
I used  for  the  preparation  of  the  barium  salts  of  the  most  varied  acids. 

- These  mostly  crystallise  well,  and  can  therefore  be  easily  freed  from 
J<  'impurities.  Their  most  important  property  is,  however,  that  they  are 
■suited  for  the  preparation  of  the  free  acid  in  aqueous  solution,  because 
: they  are  all  decomposed  by  sulphuric  acid,  barium  sulphate  being 
r thereby  precipitated,  and  the  acid  in  question  remaining  free  in  solu- 
e tion.  Examples  of  this  have  already  been  given  (e.g.  p.  213). 

• Barium  Chloride,  BaCl2,  is  obtained  by  dissolving  witlierite  or 
4 barium  sulphide  (from  sulphate  and  charcoal)  in  hydrochloric  acid  ; on 
concentrating  the  solutions,  barium  chloride  crystallises  out  in  lustrous, 
^ heavy  crystals  with  2H20,  which  become  anhydrous  only  at  a fairly 
i high  temperature.  Unlike  the  chlorine  compounds  of  the  other  metals 
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of  this  group,  barium  chloride  does  not  lose  hydrochloric  acid  on  dehy  j . 
dration,  but  maintains  its  neutral  reaction. 

Barium ■ chloride  is  used  in  the  laboratory  as  a reagent  for  th  | 
detection  and  estimation  of  sulphanion. 

Barium  Nitrate,  Ba(N03)2,  is  a salt  which  is  not  abundantl; 
soluble  in  water,  and  which  is  employed  in  analytical  chemistry  i; , 
place  of  barium  chloride,  when  it  is  not  desired  to  introduce  chloridio, 
into  the  solution.  If  free  nitric  acid  is  added  to  a saturated  solutioi  ■ 
of  the  salt,  a crystalline  precipitate  of  barium  nitrate  is  soon  deposited 
The  same  occurs  when  nitric  acid  is  added  to  the  solution  of  any  otlie 
barium  salt. 

This  reaction  is  not  especially  peculiar  to  barium  nitrate,  but  <k 
pends  on  the  increase  of  the  nitranion  by  means  of  nitric  acid  and  th 
corresponding  overstepping  of  the  solubility  product  (p.  441);  in  th 
case  of  barium  nitrate,  however,  the  phenomenon  is  specially  wei 
marked,  because  this  salt  stands  at  the  limit  of  those  which  ar 
designated  as  soluble  (100  parts  of  water  dissolve  about  9 parts  t 
the  salt  at  18°),  and  its  solubility  product  is  therefore  easily  exceedec 
The  beginner  is  sometimes  deceived  by  this  precipitate,  mistaking  i 
for  barium  sulphate ; the  distinctly  crystalline  nature  and  the  soli 
bility  in  pure  water,  after  pouring  off  the  mother  liquor,  are,  however 
sufficient  to  distinguish  them. 

Barium  nitrate  is  used  in  pyrotechnics  for  the  preparation  of  greei 
fire.  The  green  flame-coloration  is  produced  also  in  a non-luminou 
gas  flame,  especially  when  the  specimen  containing  barium  is  moistenen 
with  hydrochloric  acid.  On  spectroscopic  examination  it  yields 
fairly  complicated  spectrum,  which  is  characterised  by  a sharp  yellow 
green  and  a sharp,  although  less  bright,  green-blue  line,  along  with 

several  broad  bands.  / 

Barium  Peroxide,  Ba02,  is  obtained  as  a white  powder  by  heat 
ino-  barium  oxide  to  a temperature  between  450°  and  550°  in  a curren 
of°oxygen.  At  a higher  temperature  it  again  loses  oxygen,  and  th 
equilibrium  between  the  solid  oxide  and  peroxide  and  the  gaseou 
oxygen,  is  governed  by  exactly  the  same  laws  as  the  dissociation  o 

calcium  carbonate  (p.  512). 

Barium  peroxide  is  important  as  being  the  most  convenient  startup 
substance  for  the  preparation  of  hydrogen  peroxide  (p.  153).  Fc 
this  purpose  it  is  treated  with  dilute  acid,  whereby  the  reaction  occurs 

_ • • -nr  rni * ^ 4-V»/-v  omVI  fnrmc  t.rlA  POTT 6 


BaO 


+ 2H"  = Ba"  + H00„.  The  anion  of  the  acid  forms  the  corre 


sponding  barium  salt,  e.g.  Ba02  + 2HC1  — BaCl2  + H202. 

* It  would  apparently  be  most  suitable  to  carry  out  this  reactioi « 
with  sulphuric  acid,  because  the  barium  sulphate,  being  practical  1; 
insoluble,  would  be  deposited  and  leave  a pure  solution  of  hyclroget 
peroxide.  This,  however,  cannot  be  done,  since  sulphuric  acid  scarce., 
attacks  the  anhydrous  barium  peroxide.  The  reaction,  o*®*® 
readily  occurs  with  hydrochloric  acid,  and  the  operation  is  carried  ou 
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;is  follows.  A certain  amount  of  hydrochloric  acid  is  saturated  with 
r peroxide,  the  barion  is  precipitated  with  sulphuric  acid,  and  the  solu- 
: tion,  which  now  contains  hydrochloric  acid,  is  allowed  to  act  on  fresh 
i portions  of  peroxide.  Those  alternate  operations  are  continued  until 
i sufficient  hydrogen  peroxide  has  accumulated  in  the  solution.  The 
ehloridion  is  then  precipitated  by  the  addition  of  silver  sulphate,  and 
the  sulphanion  thereby  introduced  is  removed  with  baryta. 

* Another  method  is  to  first  add  a small  quantity  of  baryta  water 
l to  the  hydrochloric  acid  solution  of  peroxide  in  order  to  remove  the 
d metallic  oxides  present  as  impurities,  and  then  to  precipitate  the 
it  filtered  liquid  with  baryta.  Barium  peroxide  again  separates  out ; now, 

. however,  in  the  form  of  a crystalline  hydrate,  which  can  be  readily 
. decomposed  with  sulphuric  acid.  The  hydrate  is  freed  from  the 
; barium  chloride  present  by  washing,  and  is  preserved  for  use  in  the 
moist  state,  since  on  being  dried  it  again  becomes  more  difficultly 
) decomposable. 

The  composition  of  the  hydrate  is  BaO., . 8H.,0. 

Beryllium. — Beryllium  occupies  the  same  position  among  the 
i alkaline  earth  metals  as  lithium  does  among  the  alkali  metals.  Its 
; combining  weight  is  the  smallest,  and  its  similarity  to  the  other 
elements  of  the  group  is  least.  Its  properties  exhibit  a distinct 
tendency  towards  the  next  group,  that  of  the  earth  metals.  The  com- 
i billing  weight  of  beryllium  amounts  to  9T. 

Metallic  beryllium  can  be  prepared  by  electrolysis,  by  the  reduction 
tof  the  oxide  with  magnesium,  of  the  chloride  with  sodium,  and  in  other 
ways.  It  is  a white  metal,  which  is  still  more  stable  to  moist  air  than 
magnesium,  and  decomposes  water  only  slowly  even  when  heated.  It 
is  readily  dissolved  by  dilute  acids,  with  evolution  of  hydrogen,  and 
passes  thereby  into  the  ionic  state. 

Besides  the  typical  divalent  ion  Be  , beryllium  also  forms  other  ions 
(containing  oxygen  ; these  will  be  discussed  later.  Of  the  metals  hither- 
to considered,  it  is  the  first  that  is  capable  of  forming  different  ions. 

Beryllion , Be",  is  colourless  and  is  distinguished  by  a conspicuously 
Hweet  taste.  . This  fact  procured  for  the  element  the  passing  name  of 
^lucmurn  (still  occasionally  used  in  France  and  England) ; the  name 
(beryllium  is  derived  from  that  of  its  most  important  naturally  occur- 
ring compound,  beryl,  which  is  a silicate  containing  aluminium. 

Beryllion  forms  various  salts,  of  which  the  chloride,  BeCl.„  and  the 
sulphate,  BeS04,  are  the  best  known.  They  are  both  soluble"in  water, 

!ind  the  solutions  react  acid.  This  is  due  to  incipient  hydrolysis,  since 
eryllium  hydroxide  is  a weak  base. 

. beryllium  hydroxide,  Be(OH)2,  is  obtained  as  a white,  gelatinous  preci- 
ltate  on  bringing  beryllion  and  hydroxidion  together  ; it  is  not  measur- 
biy  soluble  in  water,  and  has  no  basic  reaction.  It  dissolves  in  acids 
'itli  formation  of  beryllium  salts,  and  on  being  heated  is  converted 
s nto  a white  powder  of  beryllium  oxide. 
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Beryllium  hydroxide  dissolves  in  caustic  potash  or  caustic  soddfl 
Since  these  bases,  by  reason  of  their  containing  hydroxyl,  should,  i i 
accordance  Avith  well-known  principles,  diminish  the  solubility  of  bery  . ,< 
lium  hydroxide,  this  contradiction  requires  an  explanation.  This  i i | 
yielded  by  the  fact  that  the  compound  Be02H2  can  split  off  hydrioVt 
and  behave  like  a very  weak  acid.  Accordingly,  it  gives  the  tAvo  ion  i i 
HBeO.,'  and  6002"  (just  as  carbonic  acid  gives  the  ions  HCO./  am  | 
CO."),  and  it  is  these  and  not  beryllion,  Be",  that  are  present  in  th  ( 
solution  in  question.  The  compound  is  also  obtained  by  fusing  bery  t 
lium  hydroxide  Avith  caustic  soda  and  dissolving  the  melt  in  Avater. 

If  this  alkaline'  solution  is  alloAved  to  stand  a long  time,  or  if  it  i B 
heated  to  boiling,  almost  all  the  beryllium  hydroxide  is  precipitated® 
The  question  noAv  arises  why  the  chemical  equilibrium,  which  had  prc.  jl 
viously  existed,  is  now  disturbed,  since  no  neAv  substance  has  bee  , 1 
added.  The  answer  is  to  the  effect  that  the  beryllium  hydroxid  I i 
AAdiich  is  precipitated  is  a different,  and  indeed  a more  stable  an: 
less  soluble,  form  of  the  hydroxide  than  the  freshly  precipitated  fori  i 
Avhich  is  soluble  in  alkalis.  In  other  Avords,  the  neAvly  prepared  soli  1 
tion  is  supersaturated  with  respect  to  the  more  stable  form  of  th:. 
hydroxide,  and  therefore  cannot  continue  to  exist  Avhen  the  latter  forr 
is  present.  Since  this  form  is  not  present  in  the  newly  prepare 
solution,  the  precipitation  can  commence  only  after  the  first  traces  ( < 
it  have  been  formed.  At  the  ordinary  temperature  this  occurs  slowly 
but  quickly  Avhen  heated. 

Summary. — The  properties  of  the  corresponding  compounds  ( . 
the  elements  of  the  second  group  change  in  the  same  order  as  the  con 
bining  weights,  so  that  the  relations  Avhich  here  prevail  can  be  easil 
impressed  on  the  memory  by  making  the  sense  clear  in  which  th: 
change  takes  place.  In  the  folloAving  table  the  properties  which  haA. 
been  considered  are  given,  and  the  arrows  Avhich  are  added  indicat. 
Avhe ther  the  values  of  these  increase  (->)  or  decrease  (<-)  with  increa 
ing  combining  weight. 
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Reactivity  of  the  metal  . . • • • 

Density  of  the  elements  and  of  the  corresponding  compounds 
Basic  properties  of  the  hydroxides  . . . • • 

Solubility  of  the  hydroxides  ■ ••••• 

Solubility  of  the  halogen  compounds  and  nitrates  . 
Solubility  of  the  sulphates  , 


CHAPTER  XXVI 


ALUMINIUM  AND  THE  OTHER  EARTH  METALS 


General. — The  group  of  the  earth  metals,  to  which  we  now  turn,  is 
■characterised  by  the  fact  that  the  elements  contained  in  it  form 
trivalent  ions.  The  parallelism  which  exists  between  the  elements 
jf  the  first  and  second  groups  in  respect  of  combining  weights  and 
general  character,  is  also  found  here,  with,  however,  an  essential 
difference.  Of  the  elements  of  the  third  group,  there  is  only  one 
-vhich  occurs  frequently  in  the  earth’s  crust ; but  this  one  is  found 
ti  great  abundance.  All  the  other  elements  are  exceedingly  rare, 
ind  their  properties  and  compounds  are  therefore  comparatively  little 
mown. 

The  diminution  of  the  reactivity  of  the  metal  with  oxygen  and 
rater,  which  was  met  with  in  some  of  the  members  of  the  second 
roup,  is  found  here  in  a still  higher  degree,  so  that  aluminium,  the 
lost  important  element  of  the  third  group,  is  a metal  which  is  at  the 
present  day  applied  in  the  arts,  and  as  such  plays  a not  inconsiderable 
ole.  At  the  same  time,  the  basic  properties  of  the  hydroxides,  a 
weakening  of  which  was  also  indicated  in  the  second  group,  have 
ecome  so  small  that  there  is  no  strong  base  in  this  group."  As' usual, 
Lls  *n  case  elements  with  small  combining  weight  that  this 

feet  is  most  conspicuous  ; in  the  case  of  the  first  element  which  must 
[e  included  in  this  group,  viz.,  boron,  the  complete  reversal  has  already 
iken  place,  for  this  element  has  entirely  lost  its  metallic  character 
mu  torms  an  acid  hydroxide,  boric  acid  (p.  429). 

The  elements  belonging  to  this  group,  together  with  their  combin- 
•g  weights,  are  : — 


Boron  (11-0),  aluminium  (27-1),  scandium  (44-1),  yttrium  (89) 
nthanum,  etc.  (138),  ytterbium  (173).  With  regard  to  these  ,ve 
louicl  make  the  following  remarks. 

While  the  combining  weights  from  boron  to  lanthanum  correspond 
tnose  of  the  metals  lithium  to  caesium  and  beryllium  to  barium 
.nave  here  a higher  member,  ytterbium,  with  a combining  weight 
) w ich  IS  not  represented  in  the  first  two  groups.  It  may°be 
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presumed  that  such  representatives  do  exist,  but  have  not  yet  bee-. 

discovered.  . , I 

Further,  an  etc.  has  been  inserted  after  lanthanum.  I his  sigmfic  < <1 
that  there  exist  at  this  point  not  one  element  but  a number  of  element  I 
which  are  all  very  close  to  one  another,  and  have  therefore  an  almo;  a 
equal  claim  to  this  position.  This  occurrence  of  several  elements  wit  \ | 
small  differences  recalls  the  occurrence  of  numerous  small  planetar 
bodies  at  a part  of  the  solar  system  where,  by  analogy,  one  woul 

have  expected  a large  planet.  .... 

Aluminium. — Of  all  the  light  metals,  aluminium  is  the  mo 
widely  distributed  on  the  earth’s  surface.  It  forms  a constituent 
almost  all  crystalline  silicate  rocks ; and  of  the  secondary  formation 
the  clays  and  slate  formations  are  formed  from  aluminium  silicate, 
knowledge  of  the  compounds  of  this  metal,  therefore,  extends  back 
far  as  chemical  knowledge  at  all  can  be  traced.. 

From  the  time  of  the  discovery  of  the  alkali  metals,  it  was  regardci 
as  indubitable  that  a metal  must  be  contained  in  clay.  Wohler,  ho- 
ever,  was  the  first  to  obtain  metallic  aluminium  by  the  action 
sodium  on  the  chloride.  The  method  of  separating  the.  element  fro 
its  compounds  by  electrolysis  was  given  by  Bunsen  (1854). 

The  name  aluminium  is  derived  from  alum  (alumen),  becau 
aluminium  is  contained  in  this  long-known  salt. 

At  the  present  day,  aluminium  is  prepared,  on  a very  large  sc-a 
by  the  electrolysis  of  its  oxide.  The  oxide  is  fused  by.  the  he.< 
developed  by  the  passage  of  the  electric  current,  the  aluminium  go: 
to  the  cathode,  and  the  oxygen  which  separates  at  the  anode  combini 
with  the  charcoal,  of  which  the  anode  consists,  to  form  carbon  m<a 
oxide.  To  facilitate  the  fusion,  the  electrolytic  vessel  also  contain, 
other  compounds  of  aluminium,  e.g.  cryolite  ( vide  infra ) ; since  oxyg| 
is  more  readily  separated  than  fluorine  (which  is  the  correspond^ 
other  constituent  of  cryolite),  this  addition  does  not  alter  the  chemu 
reaction,  and  only  aluminium  oxide  requires  to  be  thrown  in  to  repla 

the  used  up  material.  . , , , . . . , 

Metallic  aluminium  is  a white,  somewhat  bluish  metal  w 
.emains  tolerably  unchanged  in  the  air  This  is  due  to  the  £ act  . 
it  quickly  becomes  covered  with  an  invisible  thin  and  firmly  adhem 
layer  of  aluminium  oxide,  which  protects  the  metal  unde rnea h hk ■ 
varnish.  It  melts  at  700°,  and  can  be  both  cast  and  mechanical 
wrought  into  the  shape  desired,  as  it  is  not  hard  and  18  very 
Thus  thin  wire  and  very  thin  foil,  like  gold-leaf  and  silver-leaf,  c 
be  made;  the  latter  is  greatly  used  for 

gases  do  not  blacken  it.  Aluminium  is  a good  conductor  foi 

"account  of  its  lightness  (density  = 2'7)  its  sUverdike  ta£« 
its  durability  in  the  air,  aluminium,  especially  since  the  e 
method  has  rendered  it  cheap,  has  become  greatly  used  foi 


VA  -» 


XXVI 


ALUMINIUM  AND  OTHER  EARTH  METALS 


549 


I utensils,  but  it  does  not  seem  hitherto  to  have  been  received  with 
\ entire  favour.  This  is  perhaps  to  be  accounted  for  by  the  fact  that 
{ although  it  resists  the  action  of  pure  water,  it  is  rather  strongly 
I attacked  by  salt  solutions  of  all  kinds.  Further,  the  oxidation  of  the 
i metal  generally  occurs  in  spots,  so  that  holes  are  there  formed  which 
can  be  repaired  only  with  difficulty. 

* When  aluminium  is  alloyed  with  mercury,  it  appears  to  assume 
j quite  different  properties.  It  is  amalgamated  by  rubbing  its  surface 
t with  a mercury  salt,  e.g.  mercuric  chloride,  Avith  some  pressure.  The 
| . parts  which  were  at  first  bright  on  account  of  the  mercury,  imrnedi- 
I ately  become  dull,  and  a moss-like  growth  of  aluminium  hydroxide 
jl  arises  from  them,  the  aluminium  undergoing  oxidation.  This  pheno- 
menon is  explained  by  the  fact  that,  although  the  protecting  layer  of 
oxide  is  formed  at  the  amalgamated  parts,  the  coating  does  not  adhere, 
on  account  of  the  liquid  nature  of  these,  and  the  oxidation,  therefore, 

1 pursues  its  course.  It  is  not  that  the  mercury  produces  an  increased 
reactivity  of  the  aluminium  (a  thing  which  is  theoretically  impossible), 
but  the  real  chemical  activity  of  the  aluminium  is  allowed  free  scope 
i to  exert  itself. 


The  amalgamated  aluminium  is  employed  as  a reducing  agent. 
On  account  of  this  behaviour,  objects  made  of  aluminium  must  be 
carefully  protected  from  contact  with  mercury. 

While,  even  at  comparatively  high  temperatures,  massive  aluminium 
is  only  superficially  and  inappreciably  attacked  by  oxygen,  the  finely 
divided  metal  burns  with  a brilliant  light  at  a red  heat.  This  can  be 
shown  by  holding  aluminium  foil  in  the  flame,  or  by  blowing  finely 
divided  metal,  such  as  is  used  in  the  form  of  aluminium  bronze, 
through  the  flame.  It  takes  fire,  however,  with  greater  difficulty  than 
magnesium. 

Aluminium  dissolves  in  dilute  hydrochloric  and  sulphuric  acids 
with  energetic  evolution  of  hydrogen.  In  nitric  acid  it  readily  becomes 
passix  e,  i.e.  becomes  coated  with  a layer  which  is  not  attacked  by  the 
.acid,  and  then  remains  unchanged.  Furthei’,  aluminium  readily  dis- 
Jes  *n  a solution  of  caustic  potash  or  soda,  with  evolution  of 
•'  ydiogen.  This  is  due  to  the  formation  from  the  aluminium  of  an 
anion  containing  oxygen ; we  shall  return  to  this  later  (vide  infra). 

t solutions,  also,  especially  solutions  of  ammonium  salts,  dissolve 
me  metal  fairly  readily. 

Aluminium  forms  alloys  with  various  metals,  and  some  of  these  are 
ec  mcally  valuable.  They  will  be  mentioned  under  the  respective 
'lieta  s.  W e would  only  mention  here  that  an  alloy  (magnalium)  has 
peen  prepared  from  aluminium  and  magnesium,  which  is  stated  to 
Ijiave s technically  valuable  properties,  and  to  be  stable  in  the  air. 

' . Umimon-  Aluminium  forms  a single,  elementary,  trivalent  ion, 
■ ’A  cai)  farther  act  as  a constituent  of  complex  ions? 

Aluminion  is  colourless,  and  its  salts  are  for  the  most  part  soluble. 
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They  have  an  astringent  taste,  but  have  otherwise  no  great  physi<  t | 
logical  action.  Since  aluminium  hydroxide  is  a weak  base,  all  th  i 
salts  of  aluminium  are  hydrolytically  dissociated  to  an  appreciabl ! 
extent  in  aqueous  solution,  and  therefore  react  acid.  In  the  case  o 
the  salts  of  the  strong  acids,  this  hydrolysis  is  slight ; in  the  case  ( « 
the  salts  of  weak  acids,  however,  it  becomes  considerable,  especially  o ■ 7 
heating. 

Unlike  the  ions  of  the  other  more  frequently  occurring  ligb  d 
metals,  aluminion  does  not  occur  in  measurable  amount  in  nature;  jj 
waters.  It  is  separated  out  from  the  rocks  in  the  form  of  aluminium 
silicate,  an  exceedingly  difficultly  soluble  compound,  and  in  this  fort:  > 
(p.  422)  it  is  widely  distributed  in  nature. 

Aluminium  Hydroxide. —Aluminium  hydroxide,  Al(OH)3,  i , 
precipitated  as  a gelatinous,  uncoloured  precipitate  from  solutions  c < i 
aluminium  salts,  by  the  addition  of  a soluble  base ; in  the  air  it  lose 
water,  and  when  heated  to  redness  is  converted  into  aluminium  oxide 
according  to  the  equation  2A1(0H)3  = A1203  + 3H,0. 

Aluminium  hydroxide  is  practically  insoluble  in  water,  and  is 
very  weak  base.  Since  it  contains  three  hydroxyls,  it  can  form  thre 
kinds  of  salts,  in  which  one,  two,  or  three  hydroxyls  are  replaced  b;'t 
anions.  Salts  in  which  unreplaced  hydroxyl  is  still  present  are  callet 
basic  salts,  corresponding  to  the  acid  salts  which  contain  unreplacei 
acid  hydrogen.  In  general,  however,  the  basic  salts  are  much  les 
definitely  characterised  than  the  acid  ones  \ whereas  the  latter  mosth 
crystallise  well,  and  can  therefore  be  easily  prepared  in  the  pure  state 
the  amorphous  form  predominates  in  the  case  of  the  basic  salts,  whos 
preparation  in  the  pure  state  is  therefore  difficult.  For  this  reasoi 
they  will,  in  the  sequel,  generally  not  receive  special  description.  j 

On  account  of  the  slight  development  of  basic  properties  in  th 
case  of  aluminium  hydroxide,  and  its  exceedingly  small  solubility,  it  i 
precipitated  even  by  very  weak  soluble  bases,  e.g.  by  ammonia,  even  i; 
presence  of  ammonium  salts.  In  this  way  it  differs  from  the  hydros 
ides  of  the  alkaline  earth  metals,  and  can,  therefore,  be  used  for  th 
separation  of  aluminium  from  these,  especially  from  magnesium. 

Caustic  potash  or  soda  of  course  also  precipitate  aluminium  hydros 
ide  from  the  solutions  of  its  salts.  The  hydroxide,  however,  readily 
redissolves  in  an  excess  of  these  substances,  and  forms  clear  solution 
of  a strongly  alkaline  reaction.  This  is  due  to  the  fact  that  aluminiun  j 
hydroxide  can  also  act  as  an  acid  by  splitting  off  hydrion  from  it  ! 

hydroxyl  groups  (vide  infra).  _ . , J 

This  property  of  aluminium  hydroxide  of  acting  as  an  acid,  is  tn< 
cause  that  metallic  aluminium  readily  dissolves  in  caustic  potash  0 
soda  with  evolution  of  hydrogen  (p.  549).  If  such  a solution  and  a s 
one  of  aluminium  in  hydrochloric  acid  are  prepared,  and  the  two  solu 
tions  are  mixed,  aluminium  hydroxide  is  precipitated,  and  sodum 
chloride  remains  in  solution.  The  reaction  is  represente  J 
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equation  Na3A103  + A1C13  + 3H,0  = 3NaCl  + 2A1(0H)3.  Taking  the 
reacting  ions  into  account,  we  should  write,  A103  + A1  + 3H20  = 
2A1(0H)3. 

By  loss  of  water,  aluminium  hydroxide  can  give  rise  to  various 
anhydrides,  which  bear  the  same  relation  to  one  another  as  the  anhy- 
drides of  phosphoric  acid.  According  as  one,  two,  or  three  combining 
weights  of  water  are  eliminated  from  two  combining  weights  of  the 
hydroxide,  there  are  obtained,  besides  Al(OH)3,  the  compounds 
A1AH4,  A102H,  and  A1203. 

All  these  compounds  occur  in  nature : the  normal  hydroxide 
Al(OH)3  is  hydrargillite ; A1205H4  (generally  greatly  contaminated 
with  other  substances)  is  bauxite ; A10.,H  is  diaspore ; and  A1003  is 
corundum. 

Bauxite  is  of  importance  as  being  the  starting  substance  in  the 
i manufacture  of  metallic  aluminium  (p.  548).  Corundum  is,  on  account 
of  its  hardness,  which  is  nearly  equal  to  that  of  diamond,  an  important 
mineral  technically.  It  crystallises  in  rhombohedra.  In  its  fine-grained 
' varieties,  called  emery,  it  is  employed  as  a grinding  material  for  glass, 

■ steel,  and  other  hard  substances.  Transparent  corundum,  coloured 
blue  by  admixtures,  is  valued  as  a gem  under  the  name  sapphire ; a 
red  form,  whose  colour  is  due  to  a small  amount  of  chromium,  is  called 
ruby,  and  is  also  a valuable  gem.  Small  and  less  finely  coloured  rubies 
are  used  as  axle-bearings  in  watches  and  other  measuring  instruments, 
where  movement  with  as  little  friction  as  possible  is  required. 
Corundum,  in  all  its  forms,  is  very  little  susceptible  to  chemical 
influences,  and  it  is  only  with  difficulty  that  it  can  be  brought  into 

■ soluble  forms  by  fusion  with  caustic  alkalis  or  acid  sulphates. 

Aluminates. — The  compounds  in  which  aluminium  hydroxide 
occurs  as  an  acid,  are  called  aluminates.  Since  aluminium  hydroxide 
contains  three  combining  weights  of  hydrogen,  it  must  be  regarded  as 
a tribasic  acid ; since,  however,  it  is  a very  weak  acid,  the  normal 
compounds,  in  which  all  three  hydrogens  are  replaced,  are  not  easy  to 
prepare,  and  in  aqueous  solution  they  decompose  to  a greater  or  less 
extent  owing  to  hydrolysis. 

A substance  which  is  capable  of  acting  at  the  same  time  as 
acid  and  as  base,  can  be  only  a weak  acid  and  base.  For  the  acid 
action  necessitates  the  presence  of  hydrion ; the  basic  action,  that  of 
hydroxidion.  The  two  kinds  of  ion,  however,  cannot  be  present 
| together  in  any  great  concentration,  since  they  would  unite  to  form 
B water,  which  is  only  very  slightly  dissociated.  If,  therefore,  an  acid 
- is  strong,  i.e.  splits  off  much  hydrion,  it  certainly  cannot  split  off  more 
than  an  exceedingly  small  amount  of  hydroxidion,  the  amount  of  which 
! -is  limited  by  the  chemical  equilibrium  of  the  two  ions  in  water.  The 
same  holds  for  weak  bases. 

As  in  the  case  of  phosphoric  acid,  the  aqueous  solutions  of  the 
aluminates  contain  three  different  anions,  viz.,  the  monovalent  HoA103', 
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the  divalent  HA103",  and  the  trivalent  AlO.,"'.  Since  we  are  dealing  jl 
with  a weak  acid,  the  monovalent  ion  will  predominate. 

Of  the  aluminates,  the  sodium  compounds,  more  especially,  and] 
known ; they  correspond  to  the  three  possible  types,  NaH2A10.;i  ,i 
Na.,HA10.,,  and  Na3A103.  These  substances  are  soluble  in  water,  and 
do  not  crystallise  well ; their  solutions  react  strongly  alkaline,  and  are-, 
very  unstable.  For  if  such  solutions,  especially  of  the  first  and  second 
types,  be  kept  some  time,  they  lose  a great  part  of  the  alumina  they . 
contain,  this  being  deposited  as  a crystalline  precipitate  on  the  bottom  » 
of  the  vessel.  This  is  due  to  the  same  phenomenon  as  in  the  case  oi 
beryllium  hydroxide  (p.  546);  the  aluminium  hydroxide  which  ig  - 
deposited  is  a more  stable  form  than  the  amorphous  and  gelatinous 
one,  and  solutions,  therefore,  which  are  saturated  with  respect  of  the 
latter  are  supersaturated  with  respect  of  the  former.  Accordingly,  sc 
soon  as  the  first  crystals  of  the  more  stable  form  are  produced,  it 
continues  to  separate  out,  and  does  not  stop  until  the  new  equilibrium' 
is  reached. 

Aluminium  hydroxide  is  not  soluble  in  ammonia,  because  the  basic 
properties  of  the  latter  are  too  weak.  That  is  to  say,  if  ammonion-’ 
and  aluminanion  are  brought  together,  they  pass  into  the  undissociated’, 
compounds,  ammonia  and  aluminium  hydroxide,  as  is  shown  by  the 
equation  H2A103'  + NH'4  = Al(OH)3  + NH3.  This  behaviour  is  made: 
use  of  in  analysis.  When  it  is  required  to  precipitate  aluminium: 
hydroxide  from  an  aluminate,  an  acid  may  be  used  for  the  purpose  ; 
an  excess  of  the  acid,  however,  again  dissolves  the  alumina,  and  it  is: 
therefore  difficult  to  effect  a complete  separation.  If,  however,  an 
ammonium  salt  be  added  to  the  solution  of  an  aluminate,  the  aboiet 
reaction  takes  place  and  the  alumina  is  deposited,  while  an  excess  of 
ammonium  salt  exerts  no  solvent  action. 

The  other  light  metals  also  form  aluminates.  Of  these,  the 
naturally  occurring  spinel  is  of  interest ; this  can  be  regarded  as  the*, 
anhydride  of  monomagnesium  aluminate,  MgH4Al206,  for  it  has  the- 
composition  MgAl„04,  and  MgH4Al206  - 2H20  - MgAl204. 

Spinel  crystallises  in  the  regular  system,  generally  in  rhombic 
dodecahedra,  and  is  the  type  of  a fairly  large  series  of  corresponding, 
isomorphous  compounds  which  are  composed  of  equal  combining, 
weights  of  the  oxides  of  a divalent  and  a trivalent  metal,  for  the 
formula  of  spinel  can  also  be  written  MgO  + A1203. 

Since  the  place  of  magnesium  can  be  taken  by  iron,  manganese, 
zinc,  etc.,  and  that  of  aluminium  by  chromium,  iron,  manganese, 
etc.,  there  are  a large  number  of  compounds  of  the  type  of  spinel, 
some  of  which  will  be  mentioned  later. 

Aluminium  Chloride.— The  compound  A1C13  is  formed  when 
metallic  aluminium  is  heated  in  a current  of  hydrogen  chloride.  < 
Hydrogen  is  liberated,  and  aluminium  chloride  readily  sublimes, 
forming  a white  crystalline  mass  in  the  colder  parts  of  the  apparatus.- 
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Formerly,  when  aluminium  was  not  a cheap  substance,  the  chloride 
was  prepared  by  heating  a mixture  of  aluminium  oxide  and  charcoal 
in  a current  of  chlorine.  The  process  is  represented  by  the  equation 
AljOj  + 3CL  + 3C  = 2A1C1.)  + 3C0. 

Aluminium  chloride  boils  at  about  183°.  The  melting  point  is 
somewhat  higher,  193°;  on  being  heated,  therefore,  under  ordinary 
pressure,  it  passes  directly  from  the  solid  into  the  vaporous  state. 
By  heating  it  in  a closed  vessel,  so  that  the  boiling  point  is  raised,  it 
can  be  fused. 

* Aluminium  chloride  is  used  in  organic  chemistry  in  numerous 
preparations,  which  depend  on  the  fact  that  in  presence  of  aluminium 
chloride  mixtures  of  a chlorine  and  a hydrogen  compound  split  off 
hydrogen  chloride,  the  residues  then  combining  to  form  the  new 
compound.  In  organic  chemistry  such  a process  is  called  synthesis 
(in  the  narrower  sense),  and  for  such  purposes  aluminium  chloride  is 
of  especial  importance. 

Aluminium  chloride  fumes  in  the  air  and  reacts  with  water  with  a 
. very  considerable  evolution  of  heat.  Anhydrous  aluminium  chloride 
cannot  be  again  obtained  from  the  aqueous  solution  ; from  the  strongly 
concentrated  solution  a salt  crystallises  out  with  2H00,  which,  on 
being  heated,  completely  decomposes  into  hydrogen  chloride  which 
escapes,  and  aluminium  oxide  which  remains  behind:  2A1CL  + 3Ho0  = 
A1203  + 6HC1. 

Aluminium  chloride  readily  unites  with  other  chlorides  to  form 
double  salts,  and  more  especially  so  with  potassium  and  sodium 
chlorides.  These  compounds  crystallise  well,  and  in  them  aluminium 
chloride  has  lost  its  volatility.  The  sodium  compound  melts  with 
exceeding  ease,  and  was  formerly  used  as  the  starting  substance  for 
the  preparation  of  metallic  aluminium. 

On  account  of  its  ready  volatility,  the  molar  weight  of  aluminium 
chloride  was  early  determined,  and  was  found,  in  agreement  with 
certain  theoretical  assumptions,  to  correspond  to  the  formula  A12C16. 
.Subsequently,  these  theoretical  views  became  doubtful,  and  a thorough 
investigation  showed  that  in  the  neighbourhood  of  the  boiling  point, 
certainly,  vapour  densities  were  observed  which  corresponded  approxi- 
mately to  this  formula  (although  they  were  always  too  low),  but  that 
the  values  rapidly  diminished  as  the  temperature  rose,  and  at  tempera- 
tures between  450  and  760°  remained  constant  and  corresponded  to 
the  formula  A1C13. 

Aluminium  Bromide  and  Aluminium  Iodide  are  very  similar 
to  the  chloride,  but  less  volatile.  They  are  readily  formed  from  the 
elements,  and  in  organic  chemistry  have  a use  similar  to  that  of  the 
chloride. 

Aluminium  Fluoride,  A1F3,  is  obtained  at  a red-heat  from 
aluminium  and  hydrogen  fluoride,  and  also  from  aluminium  oxide 
and  hydrogen  fluoride,  and  is  very  much  less  volatile  than  the  other 
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halogen  compounds  of  aluminium.  It  forms  small,  lustrous  crystals  >■ 
which  behave  indifferently  towards  water,  and  scarcely  dissolve  in  it  i 
If  alumina  is  treated  with  aqueous  hydrofluoric  acid,  it  dissolves  ii  * 
fair  quantity.  The  solution,  however,  is  strongly  supersaturated  withlj 
respect  to  the  above  difficultly  soluble  form  of  aluminium  fluoride. » $ 
which  is  slowly  deposited  spontaneously. 

Aluminium  fluoride  is  soluble  in  hydrofluoric  acid,  and  forms  with  i 
it  hydrofluoaluminic  acid,  H3A1F6,  the  sodium  salt  of  which  is  very  J 
difficultly  soluble  in  water.  It  occurs  in  large  quantities  in  Greenland,.:  I 
and  as  a mineral  this  compound,  Na3AlF(i,  is  called  cryolite. 

Cryolite  is  used  for  the  preparation  of  soda  along  with  pure  a 
aluminium  hydroxide.  For  this  purpose  it  is  heated  with  milk  of 
lime  or  fused  with  lime,  whereby  calcium  fluoride  and  sodium  ij 
aluminate  are  formed ; the  latter  passes  into  solution  or  can  be  ; 
extracted  with  water  : Na3AlFG  + 3CaO  = 3CaF2  + Na3A103.  The  ' 
aqueous  solution  is  decomposed  by  passing  in  a current  of  carbon  i 
dioxide,  whereby  sodium  carbonate  is  formed  and  aluminium  hydrox-  ! 
ide  is  precipitated  : 2Na3A103  + 3C02  + 3H20  = 3Na2C03  + 2A1(0H)3. 

Aluminium  Sulphate. — Of  all  the  salts  of  aluminium,  the  sul- 
phate is  the  one  which  has  the  largest  application,  and  it  is  therefore 
manufactured  on  a large  scale.  It  is  obtained  by  heating  aluminium 
hydroxide  with  sulphuric  acid ; the  solution  produced  solidifies,  at  a 
suitable  concentration,  to  an  indistinctly  crystalline  mass  of  the 
formula  A12(S04)3  + 18H20.  The  sulphate  can  also  be  prepared  by 
heating  aluminium  silicate  with  sulphuric  acid,  silicic  acid  being . 
thereby  set  free.  A pure  salt  can  be  obtained  from  the  commercial 
product  by  precipitating  the  concentrated  solution  with  alcohol.  An 
oily  liquid  is  then  deposited,  which  is  a supersaturated  solution  of 
aluminium  sulphate  in  water  (with  a very  little  alcohol) ; this  soon 
solidifies  to  lustrous  scales  of  a salt  with  18H20. 

It  is  no  rare  thing  for  aqueous  solutions  of  salts  which  are 
difficultly  soluble  in  alcohol,  to  be  first  precipitated,  by  the  addition  8 
of  the  latter,  as  a concentrated  solution  which  is  immiscible  with  the  i 
rest  of  the  alcoholic  solution.  The  formation  of  the  supersaturated 
solution  before  that  of  the  solid  crystals  is  only  another  case  of  the  - 
prior  occurrence  of  the  less  stable  forms.  _ jl 

On  account  of  hydrolysis,  the  aqueous  solution  of  aluminium  sul- 
phate reacts  acid.  It  can  dissolve  fairly  considerable  quantities  of  < 
aluminium  hydroxide,  with  formation  of  basic  salts ; difficultly  solub  e « 

basic  salts  are  ultimately  deposited. 

A basic  aluminium  sulphate,  in  which  only  one  of  the  t ree  * 
hydroxyls  is  replaced  by  sulphanion,  A12(0H)4S04  + i H.,0,  occurs  < 
naturally  as  aluminite,  and  is  used  in  the  preparation  of  the  nor 
aluminium  sulphate,  and  of  its  double  salt,  alum. 

Alum  was  the  name  given  originally  to  a double  salt  of  aluminium 
and  potassium  sulphate,  A1K(S04)2  . 12H20,  which  crystallises  m fine 
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octahedra  belonging  to  the  regular  system,  on  mixing  the  solutions  of 
the  single  salts.  In  the  cold  it  is  much  less  soluble  than  the  single 
salts,  and  a solution  prepared  from  the  saturated  solutions  of  these  is 
strongly  supersaturated  in  respect  of  alum.  The  supersaturation  does 
not,  it  is  true,  disappear  spontaneously,  as  the  solution  is  in  the  meta- 
,.  stable  condition;  in  our  surroundings,  however,  solid  alum  is  so  largely 
distributed  that  scarcely  an  object  which  has  lain  in  the  air  is  free 
from  it.  As  a rule,  therefore,  the  nucleus  which  is  necessary  for  the 
formation  of  crystals  is  immediately  present.  If  this  is  excluded  by 
heating  the  liquids  and  vessels  to  100°  (whereby  the  alum  melts  in  its 
water  of  crystallisation)  and  the  entrance  of  dust  avoided,  crystallisation 
remains  suspended  for  any  length  of  time. 

Alum  was  formerly  the  most  important  salt  of  aluminium.  Al- 
though the  potassium  sulphate  contained  in  it  had  either  no  effect  or 
had  a disturbing  effect  in  its  applications,  alum  was  nevertheless 
employed,  because  none  of  the  simple  salts  of  aluminium  crystallise 
well,  and  thus  cannot  be  easily  freed  from  impurities.  Since  the 
method  was  discovered  of  preparing  pure  aluminium  hydroxide  (by 
way  of  sodium  aluminate),  and  so  of  preparing  pure  aluminium  sul- 
| : phate  from  this,  alum  has  lost  its  importance,  and  is  now  being  more 
. and  more  replaced  by  the  simple  sulphate. 

* With  this  also,  the  former  methods  of  preparing  alum  are 
y beginning  to  disappear.  It  used  to  be  prepared  from  a basic  potassium 
aluminium  sulphate,  which  occurs  naturally  as  alum-stone,  by  heating 
this  and  extracting  with  water;  alum  thereby  passed  into  solution 
and  aluminium  hydroxide  remained  behind.  Further,  it  was  obtained 
from  alum  shale,  a silicate  of  aluminium  permeated  with  sulphide  of 
! iron.  This  was  roasted,  and  then  allowed  to  undergo  oxidation  in  the 
air.  From  the  sulphur  of  the  iron  sulphide,  sulphuric  acid  is  formed  ; 

. ; this  converts  the  aluminium  silicate  into  sulphate,  which  is  then  ex- 
tracted  with  water  and  made  to  crystallise  by  the  addition  of  potassium 
sulphate. 

On  being  heated,  alum  melts  in  its  water  of  crystallisation ; on 
raising  the  temperature,  it  loses  its  water  and  forms  a spongy,  white 
mass  called  burnt  alum.  The  latter  is  used  in  medicine. 

The  most  important  use  of  aluminium  sulphate,  or  of  alum,  is  in 
dyeing.  Many  dyes  are  incapable  of  combining  directly  with  the  fibre 
of  the  cloth  in  such  a way  that  the  colour  is  not  withdrawn  by  water 
and  soap.  If,  however,  the  cloth  is  previously  treated  with  aluminium 
■ salts  it  can  be  permanently  dyed.  This  is  due  to  the  fact  that  the 
fibre  absorbs  and  unites  with  the  aluminium  hydroxide,  which  is 
always  present  in  the  solution,  as  the  aluminium  salts  are  always 
somewhat  hydrolysed.  Further,  the  dyes  have  the  power  of  uniting 
! with  aluminium  hydroxide  to  form  the  practically  insoluble,  finely- 
coloured  “ lakes,”  and  in  this  way  the  union  between  the  dye  and  the 
fibre  is  effected  by  the  aluminium  hydroxide. 
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Potassium  aluminium  sulphate  is  the  type  of  a large  series  of  i 4 
double  salts,  which  have  a similar  composition,  and  crystallise  in  the  ] 
same  forms  of  the  regular  system.  The  place  of  potassium  can  be  ■ 
taken  by  rubidium,  caesium,  ammonium,  and  a large  number  of  organic*  i| 
derivatives  of  ammonium,  as  well  as  by  the  heavy  metal  thallium,  but 
not  by  sodium  or  lithium.  The  place  of  aluminium  can  be  taken  by 
other  metals,  which  form  trivalent  ions,  such  as  iron,  chromium, 
manganese,  indium,  etc.  Finally,  in  place  of  the  sulphanion  we  can 
have  selenanion,  Se04".  Hence,  we  have  a great  diversity  here ; for 
all  these  double  salts  the  name  alum  has  been  adopted,  the  names  of  if 
the  metals  present  being  prefixed.  These  alums  are  isomorphous  with 
one  another,  and  the  supersaturated  solution  of  one  of  them  is  made  to 
crystallise  by  a nucleus  of  any  other. 

Aluminium  Silicate. — It  has  already  been  several  times  mentioned  I 
that  the  rocks  of  which  the  earth’s  crust  was  primarily  formed  consist  t 
essentially  of  silicates,  the  metals  of  which,  besides  the  frequent  alkali 
and  alkaline  earth  metals,  formerly  mentioned,  are  aluminium  and  1 
iron.  On  undergoing  decomposition  by  water  and  carbon  dioxide  - 
(“  weathering  ”),  the  first  mentioned  pass  into  carbonates,  while  t* 
magnesium  partially,  and  aluminium  entirely,  remain  behind  as  simple  > 
silicates. 

Aluminium  silicate  is  called  clay,  and  is  formed  in  the  amorphous  s 
state,  and  in  very  finely  divided  form,  in  the  weathering  of  the  rocks. 
As  a result,  it  is  readily  carried  away  b}r  flowing  water,  and  is  deposited 
only  when  the  movement  of  the  water  becomes  very  slow.  According ; 
to  its  degree  of  purity,  it  possesses  various  properties,  and  is  called  by 
different  names. 

The  purest  form  is  called  kaolin,  or  china  clay,  and  is  generally  found 
in  localities  where  rocks,  jDoor  in  magnesium,  are  decomposed  by  water 
and  carbon  dioxide,  but  are  not  transported  mechanically.  The  water  t 
has  then  carried  away  the  other  constituents  in  solution,  and  the 
aluminium  silicate,  with  more  or  less  quartz,  has  remained  behind. 

Less  pure  forms,  which  are  frequently  contaminated,  more  especially 
with  calcium  carbonate,  quartz,  and  iron  oxide,  are  called  clay,  or  potters  ■ 
earth.  Marl  contains  a large  quantity  of  calcium  carbonate,  and  locm 
contains  quartz  sand  as  well. 

The  use  of  aluminium  silicate  is  very  old,  and  widely  extended.  It 
depends  on  the  fact  that  it  yields  a tenacious  mass  with  water,  capable 
of  being  moulded ; on  drying,  this  undergoes  regular  contraction,  and  1 
preserves  its  form,  and  on  being  strongly  heated  (fired)  passes  into  a 
stone-like  mass,  which  is  not,  like  clay  which  has  simply  been  dried, 
again  converted  into  a plastic  form  by  water,  but  permanently  retains  • 
its  character.  On  firing,  the  clay  shrinks  still  further,  and  this  all  the 
more  the  more  strongly  it  is  heated. 

Pure  aluminium  silicate  is  very  difficultly  fusible.  The  presence 
of  iron  or  of  lime  greatly  depresses  the  melting  point. 
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* The  various  applications  of  aluminium  silicate  follow  from  what 
has  been  said  above.  The  least  pure  form,  potter’s  earth  or  ferruginous 
clay,  is  used  for  bricks  or  for  vessels  of  little  value,  which  are  moulded, 
dried,  and  fired  at  a low  temperature.  The  fired  clay  is  not  impervious 
to  water,  as  it  is  permeated  by  innumerable  pores ; to  render  it  im- 
pervious it  is  coated  with  a glaze.  This  is,  in  general,  of  the  composi- 
tion of  glass  (p.  526).  Care  must  be  taken  that  the  thermal  expansion 
of  the  glaze  agrees  as  far  as  possible  with  that  of  the  ground  material, 
since  otherwise  the  coating  would  crack  on  change  of  temperature.  In 
the  case  of  cheap  earthenware  generally,  no  regard  is  paid  to  this, 
and  the  latter  therefore  soon  loses  its  imperviousness  with  use. 

Faience  is  ware  made  of  white,  i.e.  non-ferruginous,  clay,  and  is 
coated  with  white  or  a coloured  glaze ; it  also  is  generally  not  very 


i resistant. 

Stoneware  is  the  name  given  to  ware  made  of  difficultly  fusible 
clay.  It  is  glazed  by  firing  it  at  a high  temperature,  and  throwing 
common  salt  into  the  oven  while  at  its  highest  temperature.  The 
latter  volatilises,  and  the  sodium  forms  a glaze  with  the  aluminium 
silicate  ; this  passes  continuously  into  the  mass,  is  thinly  and  evenly 
distributed,  and  is  therefore  much  more  resistant  than  the  glaze  of 
faience,  which  is  only  brushed  on.  Vessels  of  stoneware  are  used 
where  greater  resistance  to  chemical  influences  are  required,  e.g.  in 
chemical  works. 

Finally,  the  most  resistant  and  the  finest  material  is  porcelain. 
This  is  prepared  from  the  purest  aluminium  silicate,  with  the  addition 
of  quartz  and  felspar  ( vide  infra) ; the  latter  is  a double  silicate  of 
aluminium  and  potassium.  The  ware  is  moulded  and  subjected  to  a 
preliminary  firing  at  a gentle  heat.  This  “biscuit  ware  ” is  introduced 
into  a milk  of  finely  powdered  felspar  and  water;  the  water  is 
absorbed,  and  the  ware  becomes  covered  with  a thin,  regular  coating 
of  powdered  felspar.  After  being  dried,  it  is  heated  to  a white  heat ; 
the  felspar  thereby  fuses,  and  in  the  liquid  state  permeates  the  clay  in 
all  directions.  In  this  way,  the  union  between  glaze  and  support  is 
very  complete,  so  that  vessels  of  porcelain  can  withstand  fairly  rapid 
changes  of  temperature  without  breaking  and  without  becoming  cracked 
on  the  surface. 

Double  Silicates  of  Aluminium  occur  in  large  numbers  in 
nature.  Among  the  most  important  may  be  mentioned  the  felspars, 
of  which  there  are  various  kinds,  according  to  the  second  metal  con- 

1 tained  in  them.  Ordinary  felspar,  or  orthoclase,  is  potassium  aluminium 
silicate,  AlKSi308.  It  occurs  widely  distributed  in  monoclinic  crystals, 
and  must  be  regarded  as  one  of  the  most  important  sources  of  potash 
in  the  soil.  The  soda  felspar,  or  albite,  has  a corresponding  composi- 
tion, containing  sodium  in  place  of  potassium;  it  is  triclinic.  Anorthite 
is  a calcium  felspar,  which  is  isomorphous  with  albite,  and  can  unite 
with  it  in  all  proportions  to  form  mixed  crystals ; it  has  the  composi- 
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tion  Al2CaSi208.  Some  of  these  mixtures  have  received  special  names, - 
such  as  oligoclase  and  labradorite. 

Another  group  of  alkali  aluminium  silicates  is  that  of  mica,  which 
is  distinguished  by  its  power  of  cleaving,  its  elasticity,  and  resistance 
to  high  temperature.  Some  kinds  of  mica  contain  magnesium  in  place' 
of  the  alkali  metals.  The  formula  is  doubtful. 

Other  Salts  of  Aluminium. — Since  in  using  aluminium  sulphate- 
as  a mordant  in  dyeing,  the  alumina  is  deposited  on  the  fibre,  the' 
corresponding  amount  of  acid  remains  in  the  solution,  and  as  it 
increases  it  begins  to  hinder  the  deposition.  By  using  a weak  and 
volatile  acid,  the  process  can  be  carried  on  to  much  greater  advantage ; 
for  such  purposes,  therefore,  aluminium  acetate  is  used.  This  salt  is 
obtained  from  aluminium  sulphate  by  decomposing  it  with  barium  or: 
lead  acetate,  whereby  the  corresponding  sulphate,  being  insoluble,  is  ■ 
deposited.  The  same  object  is  attained  more  simply  by  the  addition 
of  any  soluble  acetate,  e.g.  sodium  acetate,  since  this  has  the  same ! 
effect  in  diminishing  the  concentration  of  hydrion. 

Aluminium  acetate  is  a very  decomposable  salt ; even  on  boiling 
its  aqueous  solution  it  is  decomposed  into  alumina  (or  a very  basic 
acetate),  which  is  precipitated,  and  acetic  acid,  which  remains  in  solution. 
This  is  due  to  the  increase  of  hydrolysis  with  rising  temperature.  For, 
since  the  hydrolysis  depends  on  the  amount  of  hydrion  and  hydroxidion 
contained  in  the  water,  and  since  this  increases  with  rising  temperature, 
because  the  dissociation  of  water  into  its  ions  is  accompanied  by 
absorption  of  heat,  the  degree  of  hydrolysis  must  also  increase  as  the 
temperature  rises.  Moreover,  the  reaction  is  thereby  accelerated,  and 
long-persisting  supersaturation  therefore  excluded. 

Aluminium  Phosphate  occurs  as  a mineral  in  various  forms.  It 
is  best  known  as  turquoise,  which  is  used  as  a gem,  and  is  coloured 
blue,  owing  to  the  presence  of  copper. 

Ultramarine  is  the  name  given  to  a substance  of  a fine  blue 
colour  which  was  first  obtained  from  the  lapis  lazuli,  in  which  it  occurs 
mixed  with  a colourless  matrix,  and  has  been  used  as  a valuable 
pigment.  From  analysis,  aluminium,  silicon,  sodium,  and  sulphur  are 
found  to  be  the  chief  constituents,  and  in  1828  Gmelin  succeeded  in 
preparing  a blue  dye-stuff  of  the  nature  of  ultramarine  by  treating 
alumina  with  Glauber’s  salt,  silicic  acid,  and  charcoal.  Since  then,  the 
commercial  preparation  of  this  colour,  which  is  distinguished  by  its 
unchangeableness  in  light  and  by  its  beauty,  has  grown  to  a large  in- 
dustry. Kaolin  is  heated  with  Glauber  s salt,  or  soda,  charcoal,  and 
sulphur,  at  first  with  exclusion  of  air,  and  the  dull-green  coloured 
product  is  then  roasted  with  sulphur,  with  access  of  air,  whereupon  the 
blue  colour  develops.  A series  of  different  colours,  from  red- violet  to 
blue-green,  is  obtained  by  varying  the  relative  amounts  of  the  original 
substances  and  the  method  of  treatment.  The  ultramarine  is  made 
ready  for  use  by  washing  with  water  and  levigation. 
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While  ultramarine  is  stable  to  light  and  air,  even  in  the  presence 
of  lime,  it  is  decomposed  even  by  weak  acids,  thereby  becoming 
colourless  and  evolving  sulphuretted  hydrogen. 

In  spite  of  its  having  long  been  known,  and  of  the  technical 
; preparation  of  ultramarine  having  been  practised  for  many  years,  the 
chemical  nature  of  this  substance  is  not  yet  clear.  The  sodium  in  it 
can  be  replaced  by  silver  and  potassium ; so  far  it  behaves  like  a salt. 
Its  formula,  however,  is  not  known,  since  we  have  as  yet  no  means  of 
separating  the  pure  substance  from  any  impurities  it  contains. 

* The  other  Earth  Metals. — The  elements  already  mentioned 
which  are  allied  to  aluminium,  viz.,  scandium,  yttrium,  lanthanum, 
cerium,  praseodymium,  neodymium,  samarium,  and  ytterbium,  along 
with  a number  of  still  less  certain  companions,  are  all  of  them  very 
rare,  and  occur  only  in  isolated  parts  of  the  earth’s  crust,  in  Scandinavia 
i and  in  North  and  South  America.  Their  properties  are  similar  to 
those  of  aluminium,  subject  to  the  same  deviations  as  were  found  in 
the  other  groups,  with  increase  of  the  combining  weights ; that  is,  the 
free  metals  are  all  the  more  readily  oxidisable  the  greater  their 
combining  weight,  and,  in  the  same  sense,  the  bases  become  stronger. 

The  hydroxides  are  white,  amorphous  precipitates,  which,  however, 
no  longer  dissolve  in  alkali  hydroxides  ; the  higher  members  are  even 
• able  to  form  carbonates.  With  potassium  sulphate  they  form  double 
salts,  which  are  slightly  soluble  in  water,  and  almost  insoluble  in 
excess  of  potassium  sulphate  solution.  The  latter  behaviour  is  due  to 
the  diminution  of  the  solubility  by  the  presence  of  the  sulphanion 
(p.  441),  and  is  by  no  means  a peculiar  property  of  these  double  salts. 
The  composition  of  the  double  salts,  however,  does  not  correspond  to 
that  of  alum,  but  is  expressed  by  the  formula  MK3(S04)3.  Further, 
in  the  higher  members  the  property  of  forming  more  highly  oxidised 
compounds  or  peroxides  is  found. 

By  reason  of  this  close  agreement  in  the  properties,  it  is  no  easy 
matter  to  separate  these  elements,  which  generally  occur  mixed  in 
nature,  from  one  another,  Nor  are  there  any  methods  of  separation 
applicable  to  them  such  as  are  employed  for  other  analytical  purposes, 
but  one  has  to  be  content  with  partial  separation  on  the  basis  of  slight 
i;  differences  in  solubility,  of  chemical  equilibrium,  and  of  decomposabilitjq 
j'by  repeated  performance  of  which  the  object  is  more  or  less  attained. 
In  fact,  almost  every  investigation  which  has  been  carried  out  with 
hi  comparative  thoroughness  has  shown  that  one  or  other  of  the  substances 
• ! Wfcherto  regarded  as  simple  is  a mixture,  and  the  whole  history  of  the 
■ development  of  this  part  of  chemistry  may  be  designated  as  the  gradual 
P' isolation  of  new  individuals  from  the  total  amount.  It  is  by  no 
J means  probable  that  these  separations  have  already  reached  a definite 
'<  conclusion. 

• : As  characteristic  of  the  various  elements  of  this  group,  there  is, 

first  of  all,  the  combining  weight.  By  some  method  or  other’  a partial 
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separation  of  the  mixture  of  substances  is  effected,  e.g.  by  partia  i 4 
precipitation  of  the  salt  solution  with  insufficient  ammonia,  and  thi  i 
method  is  repeated  until  the  combining  weight  of  the  fractions  obtains  < 
no  longer  changes  on  further  separation.  Another  very  important , 
criterion  is  afforded  by  the  optical  properties.  Many  of  these  element  J 
give  a very  complicated  spectrum  on  allowing  the  electric  spark  to  pas  < 
between  carbon  points  moisted  with  solutions  of  their  salts.  Since  • 
under  given  conditions,  each  element  possesses  a perfectly  definite  : 
spectrum,  it  can  be  seen  whether  the  spectrum  changes  by  partia . 
separations.  Where  this  is  the  case,  we  are  certainly  dealing  with  ; : 
mixture.  The  higher  members  also  exhibit  absorption  spectra,  som< 
of  them  also  emission  spectra.  The  former  are  obtained  by  allowing , 
white  light  to  pass  through  solutions  of  the  salt  in  question,  and  then 
examining  it  with  the  spectroscope.  Dark  bands  are  then  seen  ii 
definite  positions,  which  are  also  characteristic  for  the  different  elements 
Further,  the  oxides  of  the  higher  members,  when  heated  to  incandes  • 
cence,  do  not  emit  continuous  light,  as  solid  substances  usually  d<wj 
but  the  emitted  light  is  found  by  the  spectroscope  to  consist  of  isolatef 
bands  similar  to  the  light  of  incandescent  gases.  In  this  case,  however  - 
they  are  much  broader  than  in  the  latter  case. 

Another  kind  of  optical  phenomenon,  the  importance  of  which  foi 
the  characterisation  of  the  elements  has  not  yet  been  fully  demon 
strated,  consists  in  the  phosphorescence  produced  by  the  cathode  rays  • 
When  electrical  discharges  of  high  potential  are  allowed  to  pass* 
through  a highly  vacuous  space,  rays  of  a special  kind  are  emitted  from : 
the  cathode,  which  are  propagated  in  straight  lines,  and  which  render 
luminous  many  substances  with  which  they  come  into  contact.  The 
light  thus  produced  differs  also  in  different  substances  ; still,  differences- 
occur  in  cases  where  chemical  differences  are  unknown,  so  that  it 
does  not  appear  safe  to  draw  conclusions  from  the  one  as  to  the 
other. 

Scandium , yttrium,  and  lanthanum  yield  colourless  salts,  and  form 
only  one  oxide,  of  the  composition  M203.  Besides  the  hydroxide 
Ce(OH)3,  whose  salts  are  colourless,  cerium  yields  another  hydroxide, 
Ce(OH)4  (and  a corresponding  oxide,  CeCL),  which  also  forms  salts, 
whose  solutions  are  brown.  We  have  here,  therefore,  two  kinds  of 
ions  whose  chemical  composition  is  not  different,  but  which  have 
different  properties,  depending  on  the  different  valency.  The  trivalent 
ion,  Ce"',  is  called  tricerion,  the  quadrivalent  ion,  Ce"",  tetracerion.  - 
and  the  corresponding  salts  are  called  cerous  and  ceric  salts.  The 
former  are  converted  into  the  latter  by  means  of  oxidising  agents ; the 
reverse  change  is  effected  by  reducing  agents.  These  very  important 
relations  will  be  presently  more  closely  studied  in  the  better  known 
example  of  iron. 

Recently,  cerium  has  become  of  technical  importance  from  the  facta 
that  it  is  added  to  thoria,  of  which  the  mantles  for  the  incandescent 
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light  are  made.  In  the  section  treating  of  thorium  further  particulars 
of  this  will  be  given. 

Praseodymium  and  neodymium  arc  characterised  by  the  absorption 
spectra  of  their  salts.  They  also  form  higher  oxides,  but  much  less 
easily  than  cerium. 
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General. — Metallic  iron  was  not  obtained  from  its  naturally  occurrin; 
compounds  at  so  early  a date  as  some  of  the  other  metals,  especial! 
copper  and  tin.  This  is  due  to  its  high  point  of  fusion,  and  to  thl 
much  greater  difficulty  in  obtaining  it  in  the  metallic  state  from  it 
compounds.  Thus,  in  prehistoric  times  iron  does  not  appear  until 
after  bronze,  i.e.  mixtures  containing  copper  as  essential  constituent 
and  was  apparently  at  first  a great  rarity 

Notwithstanding  the  wide  distribution  of  iron,  it  scarcely  ever  occur 
in  the  metallic  state  on  account  of  its  tendency  to  form  compound; 
with  oxygen  and  sulphur.  The  chief  occurrence  of  metallic  iron 
except  in  some  rather  accidental  cases  through  the  action  of  chemica 
processes  connected  with  volcanic  activity,  is  in  certain  meteorite $> 
These  are  masses  which  do  not  originally  belong  to  the  earth,  bu 
which,  in  the  course  of  their  flight  through  space,  approach  so  closely  ti- 
the earth  that,  owing  to  atmospheric  friction,  they  lose  their  kinetic 
energy,  which  is  thereby  converted  into  heat,  and  fall  to  the  earth: 
Many  of  these  masses  consist  of  iron. 

Masses  of  native  iron  also  occur,  although  rarely  ( e.g . at  Ofvivak  11 
Greenland),  whose  meteoric  origin  is  doubtful,  although  no  explanatioi 
has  been  given  of  any  other  possible  origin. 

Metallic  iron  is  a grey,  tenacious  metal,  which  fuses  with  greai 
difficulty,  at  about  1600°;  it  combines  with  free  oxygen  quickly  at 
high  temperatures,  slowly  at  low  ones.  In  the  heat  essentially  com- 
pounds of  the  formula  Fe304  to  Fe203  are  formed;  m the  cold  iror 
hydroxide,  Fe(OHV,  is  formed.  The  hydrogen  necessary  for  this  it 
taken  up  in  the  form  of  water;  in  fact,  iron  “rusts”  or  oxidises  at  a 
low  temperature  only  in  moist,  not,  or  not  measurably,  m dry  air. 
Since  the  rust  does  not  cohere,  it  does  not  protect  the  iron  against 

further  oxidation  (p.  548).  . • 

At  all  temperatures  water  is  decomposed  by  iron.  The  decomposi- 
tion of  water  by  red-hot  iron  is  a classical  experiment  (p.  82). 
at  the  ordinary  temperature  decomposition  takes  place  with  evo 

562 


CHAP.  XXVII 


IRON 


563 


of  hydrogen,  but  exceedingly  slowly,  so  that  the  evolution  of  hydrogen 
can  be  observed  only  by  using  large  surfaces  (iron  powder).  Iron  is 
dissolved  even  by  the  weakest  acids,  thereby  passing  into  divalent 
diferrion  with  evolution  of  hydrogen. 

The  combining  weight  of  iron  has  been  found  to  be  Fe  = 56'0. 

Commercial  Iron. — Commercial  iron  is  not  pure,  but  contains  up 
to  as  much  as  2 per  cent  of  carbon,  which  has  a very  great  influence 
on  its  properties,  and  also  smaller  quantities  of  other  impurities. 
While  pure  iron,  although  very  tenacious,  is  comparatively  soft,  its  hard- 
ness increases  with  the  amount  of  carbon  it  contains,  and  its  behaviour 
at  moderately  high  temperatures  becomes  essentially  different. 

There  are  three  chief  kinds  of  commercial  iron,  viz.  wrought-iron, 
steel,  and  cast-iron  • the  first  contains  the  smallest,  the  last  the  highest, 
amount  of  carbon.  Wrought-iron  approximates  most  nearly  both  in 
composition  and  in  properties  to  pure  iron ; it  is  tough,  not  very  hard, 
xnd  on  being  heated  first  becomes  soft  like  wax  or  sodium  before 
melting.  This  property  is  of  the  greatest  importance  for  the  technical 
working  of  iron,  as  it  renders  it  possible  to  shape  the  metal  and  to 
.mite  different  pieces  without  it  being  necessary  to  raise  the  tempera- 
ture to  the  melting  point  of  the  metal.  On  the  contrary,  it  is  sufficient 
ij0  heat  to  the  temperature  of  softening  (about  600°),  so  as  to  attain  the 
ibject  by  pressing,  rolling,  and  forging.  The  uniting  of  the  two  pieces 
if  iion  by  pressure  (hammering)  is  called  “welding.”  The  temperature 
■lecessary  for  this  is  bright  red  heat. 

The  properties  of  wrought-iron  do  not  undergo  essential  change 
ivhen  it  is  heated  and  suddenly  cooled.  The  character  of  steel,  how- 
wer,  depends  in  the  highest  degree  on  such  treatment. 

Steel  is  iron  which  contains  from  0'8  to  2 ’5  per  cent  of  carbon, 
put  is  otherwise  as  pure  as  possible.  The  carbon  is  chemically  com- 
ined with  the  iron,  and  this  carburetted  iron  or  iron  carbide  is  alloyed 
nth  the  rest  of  the  iron.  The  result  of  the  presence  of  this  foreign 
ubstance  is,  in°  the  first  place,  an  appreciable  sinking  of  the  meltiim 
'Oint;  at  1400°  steel  is  liquid  and  can  be  cast.  Cast-steel  is  a metaT 
(insisting  of  fine  crystalline  grains,  which,  like  wrought-iron,  softens 
e °re  melting,  and  can  therefore  be  forged.  By  such  treatment  steel 


cquires  a fibrous  or  sinewy  character,  similar  to  wrought-iron.  If  the 
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■.eel  is  made  red  hot  and.  then  suddenly  cooled,  it  becomes  brittle, 
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nd  at  the  same  time  acquires  its  highest  degree  of  hardness.  It  is 


ten  so  hard  that  it  scratches  glass,  and  is  hence  called  “ glass  hard  ” 
this  steel  is  again  carefully  heated,  all  degrees  of  hardness  can  be 
nparted  to  it  for  it  increases  in  softness  the  longer  or  the  higher  it 
neated  I his  process  is  called  the  “ tempering  ”"of  steel. 
j°r  the  degree  of  tempering  to  be  attained,  use  has  been  made 
m olden  times  of  the  colours  which  a bright  steel  surface  acquires 
be,ng  heated.  At  about  220”,  the  metal  begins  to  oxidise  l the 
nr  with  a measurable  velocity,  and  the  oxide  produced  forms  a thin 
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coating  on  the  metal.  If  the  thickness  of  this  coating  is  of  the  ordd 
of  a wave-length  of  light,  the  corresponding  interference  colour 
or  the  “ colours  of  thin  plates,”  begin  to  appear.  Since  the  shortes 
of  the  visible  waves,  the  violet,  are  first  extinguished,  the  fin 
tarnish -colour  to  appear  is  the  complementary  colour,  pale  strav 
yellow.  This  passes  through  the  colours  orange,  purple,  violet,  blu« 
and  finally  becomes  grey.  To  each  of  these  colours  there  correspond 
a definite  degree  of  hardness  of  the  steel.  Steel  for  tools  to  work  iro 
is  allowed  to  reach  the  yellow  stage,  for  brass  the  purple-red  stag 
while  tools  for  wood  are  allowed  to  become  blue.  Although  color 
and  hardness  do  not  exactly  correspond,  still  the  correspondence 
sufficient  for  an  experienced  workman. 

* In  spite  of  numerous  investigations,  the  theory  of  tempering  li; 
as  yet  scarcely  been  scientifically  explained.  Physical  as  well  i 
chemical  processes  seem  to  play  a part  here,  for  the  tempering  of  ste 
recalls,  on  the  one  hand,  the  annealing  of  glass  (p.  528),  while,  on  th 
other  hand,  differences  in  the  chemical  combination  of  the  carbon  i 
the  steel  must  be  regarded  as  proved  beyond  doubt. 

The  great  utility  of  steel  in  the  arts  is  due  to  the  diversity  i 
the  degrees  of  hardness  which  it  can  acquire.  In  the  soft  state  it  ca 
be  shaped  to  any  desired  form,  and  the  shaped  objects  can  then  I 
brought  to  any  degree  of  hardness. 

If  the  amount  of  carbon  increases  to  from  4 to  5 per  cent,  th 
melting  point  of  the  iron  becomes  still  lower,  and  the  metal  loses  it 
toughness  and  the  power  of  assuming  the  fibrous  condition,  but  it  sti 
retains  the  power  of  being  tempered  to  a certain  degree.  Such  iiou 
called  cast-iron. 

Two  kinds  of  cast-iron  are  distinguished,  white  and  gray.  TB 
former  is  obtained  by  quickly  cooling ; it  is  very  hard  and  crvstallin 
and  contains  the  greater  part  of  its  carbon  chemically  eombinee 
When  the  cast-iron  is  slowly  cooled,  part  of  the  carbon  separates  on 
in  fine  laminae  as  graphite,  which  imparts  a gray  colour  to  the  iron.  A 
the  same  time  the  metal  becomes  less  hard  and  brittle,  and  the  grail 
finer.  In  this  condition  cast-iron  is  used  for  innumerable  purpose* 
where  ease  in  the  shaping  of  the  object  by  casting  has  to  be  take, 
into  account,  and  where  the  smaller  resistance  of  the  metal  to  pullin 
strain  and  bending  is  no  essential  drawback. 

The  Ions  of  Iron. — Iron  forms  two  kinds  of  elementary  as  we 
large  number  of  complex  ions  containing  other  elements  alon 


as  a 


: 


with  the  iron.  We  shall  in  the  first  place  treat  of  the  former. 

The  elementary  ions  of  iron  are  di-  and  trivalent ; the  former  i i 
called  diferrion , the  latter  triferrion , and  all  the  compounds  which  an 
derived  from  the  former  are  designated  ferrous  compounds,  in  contra 
distinction  to  those  derived  from  the  latter,  which  are  designated  term 
compounds.  The  ferrous  compounds  possess  a similarity  to  those  o 
magnesium,  the  ferric  to  those  of  aluminium. 
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Diferrion  in  the  pure  state  is  almost  colourless.  Most  of  the  salts 
which  contain  diferrion  exhibit  a greenish  coloration,  which  is  usually 
;■  regarded  as  that  of  the  diferrion.  It  appears,  however,  to  be  due  for 
the  greatest  part  to  the  presence  of  a trace  of  triferrion,  since  dark 
: coloured  compounds  of  the  two  exist  which  even  in  very  small  amount 
> produce  the  green  coloration. 

* Although  diferrion  does  not  absorb  the  visible  rays  to  any  great 
I extent,  it  absorbs  those  of  great  wave  length,  the  ultra-red  or  the  heat 
rays,  in  a very  pronounced  degree.  A vessel  with  parallel  walls,  filled 
! with  the  solution  of  a ferrous  salt,  is  the  most  effective  means  of 
i freeing  light  rays  (e.g.  in  projection  apparatus)  from  the  dark  heat 
rays  which  are  present,  and  thus  of  avoiding  the  harmful  heating  of 
the  objects. 

Diferrion  has  an  “ inky  ” taste,  i.e.  the  taste  of  ink  is  due  to  the 
presence  of  iron,  which  is  chiefly  in  the  form  of  diferrion. 

The  salts  of  diferrion  are,  as  already  mentioned,  very  similar  to 
those  of  magnesion,  and  are  in  many  cases  isomorphous  with  them  ; 
like  the  solutions,  they  have  a greenish  colour.  The  general  reactions 
also  are  similar,  but  ferrous  hydroxide  is  considerably  less  soluble 
Than  magnesium  hydroxide.  An  essential  difference  is  the  tendency 
of  diferrion  to  pass  into  triferrion,  a reaction  for  which  there  is  no 
counterpart  in  the  case  of  magnesium. 

Diferrion  is  very  readily  formed  by  treating  metallic  iron  with 
►acids.  The  conversion  of  metallic  iron  into  diferrion  then  occurs, 
accompanied  by  the  transformation  of  the  hydrion  into  neutral,  gaseous 
hydrogen ; the  reaction  is  therefore  represented  by  the  equation 
;'Fe  + 2H'  = Fe"  + H2.  Of  course  the  cations  hydrion  and  diferrion 
(cannot  exist  without  there  also  being  an  equivalent  quantity  of  anion 
(present ; for  the  reaction  itself,  however,  the  nature  of  the  anion  is  of 
no  importance  so  long  as  it  has  no  influence  on  the  state  of  ionisation 
Df  the  hydrogen  or  of  the  iron. 

In  the  case  of  weak  acids,  the  anion  is  for  the  most  part  united 
with  hydrogen,  and  only  a small  part  of  the  latter  is  in  the  ionic 
condition ; the  action  of  such  acids  is  slower,  being  commensurate 
with  the  actual,  not  the  potential  concentration  (p.  245)  of  the  hydrion. 
The  amount  of  iron  which  is  ultimately  dissolved,  or  the  quantity  of 
hydrogen  evolved,  depends,  however,  not  on  the  degree  of  dissociation 
out  on  the  total  amount  of  the  acid  hydrogen,  because,  in  proportion 
is  hydiion  is  used  up,  more  is  formed  so  long  as  the  acid  hydrogen  is 
present  (p.  245). 

Further,  diferrion,  i.e.  a ferrous  salt,  is  formed  when  ferrous  sulphide 
s acted  on  by  acids.  We  have  already  seen  that  this  reaction  is  a 
uethod  of  obtaining  sulphuretted  hydrogen ; it  depends  on  the  fact 
' at  sulphuretted  hydrogen  is  a weak  acid,  and  ferrous  sulphide  a com- 
paratively soluble  sulphide,  although  its  solubility  is  so  small  that  it 
:annot  be  detected  by  the  ordinary  analytical  aids  (p.  274). 
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A number  of  other  reactions  in  which  diferrion  is  formed  will  j 
discussed  later. 

The  trivalent  triferrion,  Fe'",  is  also  almost  colourless, 
aqueous  solution,  however,  most  of  the  ferric  salts  exhibit  a yellow  i 
brown-red  coloration.  This,  however,  is  due  not  to  triferrion  b ji 
to  ferric  hydroxide,  which  is  present  in  the  colloidal  state  in  solution 
The  formation  of  the  latter  regularly  occurs  from  the  fact  that  fen  j 
hydroxide  is  a very  weak  base,  and  is  therefore  split  off  from  its  sal  \ 
by  the  hydrolytic  action  of  the  solvent  water  (p.  247).  If  much  fr 
acid  is  added,  a part  of  the  separated  hydroxide  is  again  convert 
into  ion,  or  into  salt,  and  the  solution  loses  more  and  more  its  re  j 
brown  colour. 

* This  is  best  Seen  by  acidifying  with  nitric  acid.  Hydrochloi  j 
acid  produces  a strongly  yellow  coloured  and  not  a colourless  liqui  j 
because  the  undissociated  ferric  chloride,  the  amount  of  which 
increased  by  the  addition  of  chloridion  (p.  441),  has  an  intense  yellc.j 
colour. 

Triferrion  is  very  readily  formed  in  solutions  from  diferrion  1 j 
means  of  oxidising  agents.  The  divalent  cation  Fe  thereby  pass'-,; 
into  the  trivalent  ion  Fe  . Oxidation  of  ions,  therefore,  is  tlj 
same  as  increasing  the  positive  ionic  charge.  Since  the  sum  of 
positive  and  a negative  charge  is  zero,  increase  of  the  positive  char: 
is  equivalent  to  diminishing  the  negative  charge. 

The  opposite  of  oxidation  is. called  reduction.  In  the  above  sen® 
therefore,  reduction  means  the  diminution  of  the  positive  or  tlj 
increase  of  the  negative  ionic  charge.  The  following  examples  w: 

render  this  more  clear.  _ . ||| 

The  positive  charge  necessary  for  the  conversion  of  diferrion  in  i 
the  ferric  state  can  be  taken  from  another  positive  ion,  which  therelj 
passes  into  the  neutral  (or  less  positive)  state.  This  occurs,  f j 
example,  on  mixing  a ferrous  salt  with  a silver  salt ; the  former  tht| 
passes  into  a ferric  salt,  while  the  latter  is  converted  into  the  neutr... 
state,  i.e.  into  metallic  silver.  The  equation  is,  Fe  + Ag  — Fe  + A 

This  reaction  takes  place  only  when  a comparatively  large  quantn 
of  diferrion  is  present ; conversely,  metallic  silver  dissolves  m a sol  1 
tion  containing  triferrion,  thereby  passing  into  argention  : Fe  + Ag  . 


Fe"  + Ag’.  . . 

That  the  same  substances  exert  opposite  actions  is  due,  in  tms  > 

in  every  case,  to  the  action  of  mass.  The  tendency  of  diferrion  to  paf 
into  triferrion  is  all  the  greater  the  greater  its  concentration,  and  tl 
less  the  concentration  of  the  triferrion  present  at  the  same  time,  ai 
vice  versa.  In  other  words,  the  position  which  the  mixture  takesj 
oxidising  and  reducing  agent,  is  a question  of  the  relative  concentr 

tions  of  the  two  kinds  of  ions.  . • 

The  conversion  of  a neutral  substance  into  an  ion  with  negau  ; 
charge  is  equivalent  to  the  conversion  of  a positive  ion  into  the  neu  . 
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state.  It  will  therefore  be  possible  to  convert  diferrion  into  tri- 
ferrion  by  means  of  the  former  reaction. 

As  a matter  of  fact,  tins  readily  occurs  when,  for  example,  chlorine 
o-as  is  passed  into  a solution  of  a ferrous  salt.  The  reaction  then  is, 

1 2Fe"  + Cl2  = 2Fe"‘  + 2C1'.  The  diferrion  passes  into  triferrion,  and 
chloridion  is  formed  at  the  same  time. 

In  this  case  the  reverse  reaction  cannot  be  measured  or  detected  ; 
< it  occurs,  however,  in  the  case  of  iodine.  If  a small  quantity  of  iodine 
is  mixed  with  much  ferrous  salt,  there  occurs  the  reaction  I2  + 2Fe  = 

1 2 Be  + 21',  just  as  in  the  case  of  chlorine.  If,  on  the  other  hand, 
isome  iodidion  is  brought  together  with  a large  excess  of  triferrion, 
the  reverse  reaction  occurs,  2Fe  "’ + 21' = 2Fe"  + I2,  and  iodine  is 
liberated. 

To  such  changes  in  the  ionic  charge,  all  processes  of  oxidation  and 
reduction  can  be  attributed.  The  matter  is,  however,  sometimes 
[complicated  by  the  fact  that  the  particular  substances  are  not  com- 
pletely dissociated,  or  are  dissociated  only  to  a very  small  extent. 
IWe  shall  soon  have  an  opportunity  of  explaining  by  means  of 
Examples  hoW  the  matter  is  then  to  be  regarded. 

Even  on  standing  in  the  air,  ferrous  salts  change  into  ferric  salts. 
In  this  case  the  oxygen  of  the  air  takes  part  by  forming  hydroxidion 
with  the  water,  and  so  yielding  the  negative  ion,  which  must  be 
simultaneously  produced  when  the  positive  charge  of  diferrion  is 
:increased.  The  reaction  can  be  expressed  by  the  equation  4Fe"  + 

I\  + 2H.,0  = 4Fe"‘  + 40H'.  The  conversion  of  diferrion  into  tri- 

irrion  is,  therefore,  actually  effected  by  the  free  oxygen,  and  to  this 
i due  the  designation  of  the  process  as  one  of  oxidation.  It  is,  there- 
ire,  a one-sided  designation,  and  refers  only  to  one  of  innumerable 
ossible  cases ; for  reasons,  however,  which  now  belong  to  the  history 
f chemistry,  a special  importance  was  formerly  attached  to  this 
rocess,  and  from  it  the  general  name  was  chosen. 

In  the  case  of  the  reaction  just  described,  hydroxidion  is  formed 
■ om  the  oxygen  with  the  co-operation  of  the  water,  and  the  solution 
ontains  hydroxidion  or  becomes  basic.  Salts  in  which  hydroxidion  is 
resent  along  with  other  anions,  have  been  called  basic  salts.  Basic 
ilts  of  triferrion,  therefore,  are  formed  in  the  conversion  of  ferrous 
nto  ferric  salts  by  means  of  free  oxygen  ; these  salts  have  the  general 
1 ormula  FeA2(OH),  where  A is  a monovalent  anion.  Since  such  salts 
i ire  mostly  difficultly  soluble  in  water,  we  obtain  the  explanation  why 
) neutral  ferrous  salts  on  standing  in  the  air  become  turbid,  and  deposit 
lorown  precipitates  which  are  found  to  be  basic  salts  like  the  above, 
m order  to  avoid  this,  the  formation  of  hydroxidion  must  be  prevented 
< ,>y  the  presence  of  hydrion.  Acidified  solutions  of  ferrous  salts  do 
lot  become  turbid  in  the  air. 

What  has  been  said  holds  generally.  Whenever  a cation  is 
diverted  by  free  oxygen  into  one  of  a higher  valency,  the  liquid 


568 


PRINCIPLES  OF  INORGANIC  CHEMISTRY 


CHAP. 


thereby  bocomes  more  basic.  Conversely,  a liquid  becomes  more  acid 
when  reductions  are  effected  in  it  by  means  of  hydrogen  gas.^ 

Ferrous  Hydroxide. — When  a solution  of  caustic  potash  or  soda  i 
is  added  to  the  solution  of  a ferrous  salt,  a white,  slimy  precipitate  of  j 
ferrous  hydroxide,  Fe(OH)2,  is  precipitated,  since  the  solubility  of  this  - i 
substance  in  water  is  very  slight.  If,  however,  this  experiment  is' 
carried  out  Avith  ordinary  solutions,  a dark  green  and  not  a Avhite 
precipitate  is  obtained.  This  is  due  to  the  fact  that  ferrous  hydroxide 
unites  extremely  rapidly  with  free  oxygen ; the  ferric  hydroxide  i 
formed  unites  with  the  ferrous  hydroxide  to  form  a black  compound, 
which  has  a greenish  appearance  when  distributed  in  a finely  divided 
state  through  the  Avdiite  precipitate.  Even  extremely  small  quantities  • 
of  free  oxygen  are  sufficient  to  produce  this  phenomenon,  so  that  the 
solutions  employed  must  be  very  carefully  freed  from  air  in  order  that  1 j 
the  colour  of  the  pure  ferrous  hydroxide  may  be  seen. 

* In  order  to  free  ferrous  salts  for  these  and  similar  purposes  • 
from  triferrion,  the  solutions  are  warmed  Avith  metallic  iron  (iron  filings). 
There  then  occurs  the  reaction  2Fe’"  + Fe  = 3Fe",  and  triferrion  passes  • 
into  diferrion. 

If  the  precipitate  is  exposed  to  the  air,  the  surface,  immediately 
becomes  dark  greenish -black  in  colour,  from  formation  of  the  above- 
mentioned  double  compound,  and  then  red-brown,  Avhich  is  the  colour  r 
of  ferric  hydroxide. 

Ferrous  hydroxide  dissolves  readily  in  dilute  acids,  Avith  formation 
of  the  corresponding  ferrous  salt.  It  does  not  dissolve  in  alkalis,  since 
it  cannot  form  any  anions. 

It  is,  however,  slightly  soluble  in  salts  of  ammonium,  similarly  to 
magnesium  hydroxide,  although  not  so  easily  as  this.  This  is  due  to 
its  smaller  absolute  solubility,  in  virtue  of  Avhich  the  solubility  product  t 
is  reached  at  smaller  concentration  of  the  diferrion.  The  ammoniac-al 
solution,  hoAvever,  immediately  becomes  turbid  in  the  air,  and  green-  • 
black  flakes  are  precipitated  from  it  and  rapidly  become  broAvn. 
Oxygen  is  absorbed  from  the  air,  whereby  diferrion  is  converted  into 
triferrion,  and  the  concentration  of  the  hydroxidion  at  the  same  time  I 
increased.  Since  the  solubility  product  of  ferric  hydroxide  is  very 
small,  it  separates  out  in  the  solid  state. 

This  phenomenon  does  not  occur  when  magnesium  hydroxide  is  • 
dissolved  in  ammonium  salts,  because  magnesium  cannot  form  a 
trivalent  cation. 

Freshly  precipitated  ferrous  hydroxide  (most  cheaply  a mixture  of 
a ferrous  salt  and  lime)  can  be  used  to  remove  oxygen  from  gases.  H 
Its  action  is  fairly  complete,  although  someAvhat  sIoav.  . | 

Ferrous  Sulphate. — Of  the  ferrous  salts,  the  sulphate  is  the  best 
knoAvn  and  the  most  used.  It  occurs  in  bright  green  crystals  Avith 
7H.,0,  belonging  to  the  monoclinic  system.  It  cannot  be  directly  re- 
garded as  isomorphous  Avith  magnesium  sulphate,  Avhich  also  contains  S 
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7H.,0,  because  the  latter  salt  is  rhombic.  Nevertheless,  the  two  sul- 
j pluses  crystallise  together  in  such  a way  that  from  solutions  which 
chiefly  contain  ferrous  sulphate,  crystals  containing  magnesium,  but  of 
the  form  of  the  ferrous  salt,  are  formed ; while  from  solutions  chiefly 
containing  magnesium  sulphate,  crystals  of  the  form  of  Epsom  salts, 
but  containing  iron,  are  deposited. 

The  explanation  of  this  phenomenon  is  that  the  two  sulphates  are 
dimorphous  and  at  the  same  time  isomorphous,  for  both  can  crystallise 
, in  rhombic  as  well  as  in  monoclinic  form.  In  the  case  of  magnesium 
i sulphate,  the  former  is  the  more  stable  : in  the  case  of  ferrous  sulphate, 
f the  latter.  In  the  case  of  the  mixed  crystals,  therefore,  it  depends  on 
: the  ratio  in  which  the  salts  are  mixed  which  of  the  two  forms  is  the 
more  stable,  the  predominating  salt  always  determining  the  form. 

The  popular  name  of  ferrous  sulphate  is  iron  vitriol.  The  name 
“ vitriol  ” is  used  to  designate  all  sulphates  of  the  iron  group  derived 
from  divalent  ions ; thus  there  are  also  manganese,  cobalt,  and  nickel 
i vitriols.  Copper  sulphate,  also,  is  called  copper  vitriol,  although 
; copper  belongs  to  the  next  group ; this  is  due  to  the  fact  that  this  salt 
i is  also  partially  isomorphous  with  the  other  vitriols. 

Iron  vitriol  can  be  prepared  by  dissolving  metallic  iron  or  iron  sul- 
! phide  in  dilute  sulphuric  acid  and  evaporating  the  liquid  till  it  crystal- 
lises. It  is,  however,  usually  obtained  in  another  way.  Iron  sulphide 
occurs  very  widely  distributed  in  nature.  In  the  moist  state  this  is 
i oxidised  on  contact  with  oxygen  and  passes  into  ferrous  sulphate, 
according  to  the  equation  FeS  + 20,  = FeS04.  The  rock  containing 
iron  sulphide  is  therefore  spread  out  exposed  to  the  air  and  moistened  ; 
in  a short  time,  by  extracting  with  water,  large  quantities  of  ferrous 
sulphate  can  be  obtained  from  it.  This  method  of  preparation  is 
■ so  cheap  that  it  was  formerly  the  custom  to  use  the  iron  vitriol  for 
the  preparation  of  sulphuric  acid. 

* In  order  to  obtain  sulphuric  acid  or  “ oil  of  vitriol  ” from  iron 
1 vitriol,  the  salt  was  first  heated  in  the  air  or  “ roasted,”  whereby  it 
was  converted  into  basic  ferric  sulphate  : 4FeS04  + 02  + 2H20  = 

1 4FeS04(0H).  On  being  heated,  this  latter  salt  decomposes  into 
' sulphuric  acid,  sulphur  trioxide,  and  ferric  oxide,  in  accordance  with 
the  equation  2FeS04(0H)  = Fe203  + H2S04  + S03.  The  resulting 
: mixture  of  sulphuric  acid  and  sulphur  trioxide,  on  account  of  the 
presence  of  the  latter,  fumes  in  moist  air  (p.  284)  \ it  therefore  con- 
stituted “ fuming  sulphuric  acid,”  in  contradistinction  to  the  non- 
' fuming  acid  prepared  in  the  leaden  chambers,  which  does  not  contain 
.}  anh),dl,ide.  Since  this  fuming  acid  was  prepared  in  fairly  large  quan- 
>:  tities  at  Nordhausen  in  the  Harz,  it  was  also  called  Nordhausen 
1 sulphuric  acid. 

I At  the  present  time  this  method  is  no  longer  used,  as  the  manu- 
I facture  of  sulphur  trioxide  by  the  contact  method  has  completely 
& ousted  all  the  others. 
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Like  magnesium  sulphate,  ferrous  sulphate  unites  with  potassii 
sulphate  and  the  salts  isomorphous  with  this,  to  form  monoclii 
double  sulphates  of  the  type  Iv2Fe(S04)2.  6H20.  The  ammonii 
salt  (NH,)2Fe(S04)2 . 6H20,  which  crystallises  well  and  does  not  oxkbi 
in  the  air,  is  used  in  analysis  (cf.  Manganese). 

Other  Ferrous  Salts. — Ferrous  chloride,  FeCl2,  is  a salt  which ii 
very  readily  soluble  in  water,  and  which  in  solution  rapidly  oxidises  > 
the  air ; in  the  laboratory  it  is  obtained  in  large  quantities  in  the  pjj 
paration  of  sulphuretted  hydrogen  from  iron  sulphide  and  hydrochlo: 
acid.  On  concentrating  the  solutions  it  is  obtained  in  the  form  | 
greenish  crystals  containing  6H20,  which  very  readily  become  coati 
in  the  air  with  brown  crusts  of  basic  ferric  salt. 

Ferrous  chloride  is  obtained  in  the  anhydrous  state  by  heatiti 
iron  in  a current  of  hydrogen  chloride.  The  latter  is  decomposi 
with  liberation  of  hydrogen,  and  the  ferrous  chloride  sublimes  at: 
bright  red  heat  in  white-grey,  lustrous  scales,  which  feel  like  ta  > 
The  anhydrous  salt  dissolves  in  Avater  with  great  evolution  of  heat. 

Concerning  ferrous  bromide  and  ferrous  iodide,  there  is  nothing  spec-: 
to  note.  The  aqueous  solutions  of  these  salts  are  readily  obtained  ' 
bringing  the  free  halogens  together  Avith  excess  of  metallic  iron ; t : 
salts  are  very  readily  soluble. 

Ferrous  carbonate,  FeC03,  occurs  naturally  as  a valuable  iron  01 
spathic  iron  ore.  It  crystallises  in  rhombohedra  Avhieh  are  isomc 
phous  with  those  of  calc-spar  and  of  magnesite ; in  the  pure  state 
is  almost  colourless,  but  is  generally  coloured  yellow- broAvn  fro 
incipient  oxidation.  From  aqueous  solutions  of  ferrous  salts  solid 
carbonates  precipitate  it  as  a greenish-Avhite  substance,  Avhieh  readi 
dissolves  in  acids,  Avith  effervescence,  and  Avhieh  also  becomes  rath 
rapidly  broAvn  OAving  to  oxidation. 

Ferric  Hydroxide. — By  the  addition  of  bases  to  solutions 
ferric  salts,  ferric  hydroxide,  Fe(OH)3,  is  obtained  as  a brown,  flocc 
lent  precipitate,  Avhieh  is  very  slimy  Avhen  precipitated  in  the  col 
If  the  liquid  is  heated  along  Avith  the  precipitate,  the  latter  acquires  - 
firmer  character,  and  can  be  readily  filtered. 

Ferric  hydroxide  is  a very  weak  base,  and  is  practically  insolulu  j 
in  Avater.  In  acids  it  is  soluble  Avhen  freshly  precipitated,  and  if 
has  not  been  heated  ; it  passes,  hoAvever,  into  less  soluble  forms  evt 
on  standing  for  some  time  in  the  heat,  partial  anhydride  formatio 
presumably  occurring.  On  being  heated  to  a red-heat  it  loses  waU| 
and  is  converted  into  ferric  oxide,  Fe203,  according  to  the  equatic 
2Fe(OLI)3  = Fe203  + 3H20.  This  ignited  iron  oxide  is  almost  insolub 
in  acids,  and  passes  into  solution  only  on  being  warmed  for  days  wit 
concentrated  hydrochloric  acid  ; it  dissolves  more  quickly  Avhen  it  " 
at  the  same  time  reduced  to  ferrous  salt. 

Ferric  hydroxide  possesses  the  property  to  a very  high  degree* 
forming  colloidal  solutions.  These  are  obtained  by  dissolving  fresht 
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i precipitated  ferric  hydroxide  in  a concentrated  solution  of  ferric 
(chloride,  whereby  soluble  basic  salts  are  formed,  and  dialysing  this 
i through  a partition  of  parchment  paper  into  pure  water.  The  aqueous 
[solutions  of  ferric  chloride,  like  those  of  all  other  ferric  salts,  are 
partially  hydrolysed  into  free  acid  and  colloidal  ferric  hydroxide. 

! Since  hydrochloric  acid  diffuses  very  quickly,  while  ferric  hydroxide 
iind  basic  ferric  chloride  can  hardly  penetrate  the  parchment  paper, 
die  hydrochloric  acid  present  first  of  all  passes  out.  The  chemical 
equilibrium  of  hydrolysis  is  thereby  disturbed,  more  hydrochloric  acid 
fnust  be  split  off,  and  this  is  in  turn  removed  by  diffusion.  These 
reactions  continue  until  finally  only  or  almost  only  colloidal  ferric 
irdroxide  is  left  in  the  dialyser. 

The  solution  so  obtained  is  of  a dark  blood-red  colour,  and  exhibits 
| ;ke  characteristic  properties  of  colloidal  solutions  in  the  most  distinct 
manner.  It  does  not  possess  electrical  conductivity  to  any  consider- 
ible  extent ; its  boiling  point  and  freezing  point,  also,  differ  only  in- 
appreciably from  those  of  pure  water.  Addition  of  electrolytes  preci- 
oitate  it,  the  ferric  hydroxide  separating  out  as  a flocculent  mass. 
Chemical  reactions  do  not  take  place  with  it,  or  do  so  onty  very  slowly; 
nore  especially,  it  exhibits  none  of  the  analytical  characteristics  of  the 
f erric  salts,  which  will  be  mentioned  later,  since  it  does  not  contain 
: riferrion.  On  standing  with  hydrochloric  acid  it  gradually  passes 
nto  a liquid  possessing  the  properties  of  the  solution  of  ordinary  ferric 
•hloride. 

Solutions  of  colloidal  ferric  hydroxide  are  prepared  in  the  above 
nanner  for  medicinal  purposes,  and  are  sold  under  the  name  fcrrum 
txydatum  dialysatum  (dialysed  iron). 

Both  hydroxide  and  oxide  of  iron  occur  in  nature  ; both  are  im- 
oortant  iron  ores,  and  are  called  broavn  iron  ore  and  haematite  respec- 
tively. The  former  occurs  in  brown-black  lustrous  masses  which,  on 
>eing  ground,  yield  a yellow-brown  powder.  Iron  oxide  crystallises 
n rhombohedra  which  are  isomorphous  with  those  of  corundum 
p.  551),  and  have  a black  metallic  appearance  ; in  this  form  it  is 
killed  iron  glance.  The  concretionary  iron  oxide  (kidney  ore)  has  a 
Mack-red  appearance  ; on  being  ground,  both  varieties  of  the  oxide 
wield  a red  powder,  whereby  it  is  readily  distinguished  from  the  native 
'!  em'c  hydroxide,  to  which  it  otherwise  appears  somewhat  similar. 

Iron  oxide  and  hydroxide  are  extremely  widely  distributed  in 
lature.  In  the  primitive  rocks,  iron  regularly  occurs  in  the  form 
1 1 silicate;  in  the  weathering,  the  silicic  acid  is  removed  and  the 
lydroxide  remains.  This  mixes  with  all  sedimentary  rocks,  and  im- 
parts to  them  a yellow-brown  to  red  colour.  When  reducing  actions 

i’ccui,  as,  for  example,  through  admixture  with  organic  substances,  the 
erric  hydroxide  is  reduced  to  the  dark-coloured  compound  mentioned 
'n  P-  ^63,  and  this  gives  a grey-blue  or  greenish-blue  colour  to  the 
'articular  substances.  This  colour  is  frequently  seen  in  the  case  of 
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clays  containing  iron  ; when  these  are  “fired”  the  organic  substanc  (I 
is  destroyed,  and  the  iron  passes  into  ferric  oxide,  whereby  the  pr>  j 
viously  blue  clay  becomes  of  a red  colour. 

Ferric  hydroxide  resembles  aluminium  hydroxide  in  many  respect  1 
especially  in  the  fact  that  the  salts  of  both  have  a similar  compositioi  i 
and  are  also  mostly  isomorphous.  Like  aluminium  hydroxide,  f errfJj 
hydroxide  is  completely  precipitated  by  ammonia  from  solutions  c < 
ferric  salts.  It  differs,  however,  from  aluminium  hydroxide  in  the  fat  / 
that  it  is  not  dissolved  by  strong  bases ; in  fact  a method  of  separatin 
the  two  hydroxides  can  be  based  on  this  difference.  The  methoc  > 
however,  is  not  very  exact,  for  the  difference,  or  the  inability  of  ferri 
hydroxide  to  form  anions  containing  oxygen  (p.  551),  is  only  one  c< 
degree ; in  very  concentrated  solutions  of  the  alkali  hydroxides,  ferri 
hydroxide  dissolves  quite  appreciably,  and  for  this  reason  caustic  alkali  j 
prepared  in  iron  boilers  almost  always  contain  iron.  On  diluting  th 
solutions,  the  compound  decomposes  and  the  ferric  hydroxide 's  gradi 
ally  deposited  as  a brown  precipitate  on  the  bottom  of  the  vessel. 

In  the  presence  of  many  organic  substances,  such  as  tartaric  acu 
sugar,  glycerine,  etc.,  all  of  which  contain  several  hydroxyl  groupi; 
ferric  hydroxide  is  not  precipitated  by  alkalis  from  solutions  of  ferri . 
salts  ; on  the  contrary,  clear  brown  liquids  are  formed  which  exhibit 
the  reactions  of  iron  only  imperfectly.  The  description  of  the  con; 
pounds  hereby  produced  belongs  to  organic  chemistry  ; they  are  salt-.  I 
like  compounds  in  which  the  iron  is  present  not  as  cation  but  as  para] 
of  a complex  anion.  They  have  received  mention  here  from  the  fac. 
that  they  are  extremely  readily  formed,  and  when  formed  they  rende  j 
the  analytical  detection  and  the  precipitation  of  the  iron  more  difficult  i 
In  such  cases  the  organic  substance  must  be  destroyed,  which  is  mos  j 
easily  done  by  strongly  heating. 

Magnetic  Iron  Ore. — Ferric  oxide  unites  with  ferrous  oxide  t 
form  a compound  which  occurs  abundantly  in  nature,  and  is  a ver; 
valuable  iron  ore  : Fe.203  + FeO  = Feg04.  It  is  called  magnetic  iroi 
ore,  as  it  frequently  exhibits  a strong  natural  magnetism  ; the  chemical 
name  is  ferrbsoferric  oxide. 

Magnetic  iron  ore  crystallises  in  regular  octahedra,  and  is  iso- 
morphous with  spinel  (p.  552),  which  consists  of  aluminium  oxide  am 
magnesium  oxide,  A1203  + MgO.  As  can  be  seen,  the  two  compound 
are  constituted  after  the  same  type,  since  both  contain  one  combining 
weight  of  a monoxide,  MO,  to  one  of  a sesquioxide,  M.,03.  In  the  pre 
sent  case,  however,  iron  is  the  only  metal  present,  its  divalent  forn 
taking  the  place  of  magnesium,  and  its  trivalent  form  that  of  aluminium 
In  magnetic  iron  ore,  therefore,  both  the  isomorphic  relations  conn 

simultaneously  into  force.  _ 

If  ferrous  salt  and  ferric  salt  be  mixed  in  such  proportions  that 
there  is  twice  as  much  iron  in  the  case  of  the  latter  salt  as  in  t u 
former,  and  the  mixture  be  poured  into  excess  of  caustic  soda,  a blaeb 
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n-anular  precipitate  is  obtained,  which  may  be  looked  upon  as  a 
hydroxide  of  the  above  compound.  A salt-forming  base,  also,  appears 
;o  exist ; this  is  a compound;  of  ferrous  and  ferric  hydroxide,  and 
;o  it  is  due  the  greenish  colour  of  the  ferrous  salts.  This  compound, 
lowever,  if  it  exists,  is  very  unstable,  its  salts  decomposing  almost 
jonipletely  into  mixtures  of  ferrous  and  ferric  salts. 

Ferric  Salts. — Ferric  chloride,  FeCl3,  is  obtained  by  heating  iron 
n a current  of  chlorine.  It  then  sublimes  as  dark-green  crystals  with 
i metallic  lustre,  and  is  much  more  easily  volatile  than  ferrous  chloride. 

These  crystals  dissolve  in  water  with  great  rise  of  temperature, 
uid  yield  a yellow-brown  solution  from  which  the  anhydrous  salt  can- 
lot  be  again  obtained  by  evaporation  and  heating.  Four  different 
lydrates  containing  from  12H.,0  to  4H20  crystallise  out,  according 
o the  temperature,  and  on  attempting  to  drive  off  the  last  traces 
if  water  by  heating,  hydrogen  chloride  is  eliminated  at  the  same 
ime,  and  iron  oxide  remains  behind. 

Hydrated  ferric  chloride  can  be  obtained  by  dissolving  ferric  oxide 
u hydrochloric  acid,  by  passing  chlorine  into  a solution  of  ferrous 
hloride,  and  in  other  ways.  The  solution  is  evaporated  until  the 
.mount  of  water  corresponds  to  FeCl3  + 6IT.,0  ; on  cooling,  it  crystal- 
ises  to  yellow  crystals  of  the  hydrated  salt,  which  dissolves  very 
■eadily  in  water.  The  43 '5  per  cent  aqueous  solution  of  this  salt  is 
bfficinal. 

Ferric  chloride  also  dissolves  in  other  solvents,  like  alcohol  and 
itlier.  The  solutions  are  yellow  ; yellow  is  therefore  the  colour  of 
erric  chloride  in  the  undissociated  state. 

The  aqueous  solutions  of  the  salt  react  strongly  acid,  since,  on 
ccount  of  the  feebly  basic  properties  of  ferric  hydroxide,  the  salts 
re  to  some  extent  hydrolytically  dissociated.  The  hydrolysis  in- 
reases  with  the  dilution  and  with  rise  of  temperature.  It  betrays 
tself  to  the  eye  by  the  fact  that  the  yellow  colour  of  the  undissociated 
erric  chloride  disappears  and  gives  place  to  the  red-brown  colour  of 
he  colloidal  ferric  hydroxide  which  is  formed. 

■ * These  properties  can  be  made  very  clear  by  means  of  some 

i ample  experiments.  Two  equal,  small  portions  of  a fairly  dilute 
Solution  of  ferric  chloride  are  taken,  and  to  one  there  is  added  so  much 


| Pafcer  that  it  becomes  almost  colourless.  If  to  the  other  portion  an 
i equally  large  volume  of  strong  hydrochloric  acid  is  added,  a liquid  of 
i-  strong  yellow  colour  is  obtained.  Owing  to  the  great  concentration 
1 : f chloridion  in  the  second  case,  the  electrolytic  dissociation  of  the 
■ erric  chloride  is  so  greatly  diminished  that  the  yellow  colour  of  the 
i ndiesociated  substance  makes  its  appearance. 

I . ^ solution  of  ferric  chloride,  diluted  almost  to  colourlessness,  is 

' ivided  into  two  portions,  and  these  are  placed  in  equally  wide  test- 
ubes.  If  the  one  portion  is  heated  the  solution  becomes  of  a brown- 
ed colour,  hydrochloric  acid  and  colloidal  ferric  hydroxide  beiim 
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formed  by  hydrolysis.  This  coloration  persists  also  when  the  heat* 
tube  is  placed  in  cold  water,  so  that  both  portions  of  the  origin', 
liquid  have  the  same  temperature.  If,  however,  the  two  tubes  an 
kept  side  by  side  for  several  days,  the  colour  of  the  solution  which  ha 
been  heated  becomes  weaker,  and  ultimately  both  specimens  are  of  tT 
same  colour.  This  is  due  to  the  fact  that  the  hydrolysis,  which  wa 
greatly  increased  by  warming,  diminishes  at  a low  temperature,  tl  l 
hydrochloric  acid  and  the  ferric  hydroxide  being  again  converted  ini 
ferric  chloride,  or  into  triferrion  and  chloridion. 

Ferric  Bromide  and  Ferric  Iodide. — AVhile  the  bromine  cor  i 
pound  of  the  ferric  series  possesses  no  special  interest,  interest  attack  j 
to  the  iodine  compound.  It  has  already  been  mentioned  (p.  567)  tba 
in  this  case  the  components  exist  to  a measurable  extent  in  chemic. 
equilibrium.  If  to  a solution  of  ferrous  iodide,  Fel2,  as  much  free  iodic 
is  added  as  corresponds  to  the  formula  Fel3,  it  passes,  indeed,  int 
solution,  but  the  solution  still  exhibits  the  reactions  of  free  iodine,  an 
at  a higher  temperature  the  latter  volatilises  from  it.  The  reactio 
2FeI9  + I.,  = 2FeI3,  therefore,  does  not  take  place  completely,  but  tl 
reverse  reaction  can  also  occur  to  a large  extent.  If  the  iodine 
removed  from  the  equilibrium,  the  reverse  reaction  must  take  plant 
more  and  more,  and  ferrous  iodide  must  ultimately  remain.  TF 
reaction,  however,  becomes  increasingly  difficult  the  more  iodine  : 
removed  from  the  solution. 

Writing  the  ions  which  are  present,  the  equation  runs  2Fe  ' H 
2P  = 2Fe”  + I.„  and  the  reader  may  be  referred  to  the  consideration 
set  forth  on  p.  567. 

* This  reaction  is  used  for  analytical  purposes  for  the  separatio: 
of  iodine  from  chlorine  and  bromine.  For  this  purpose  excess  of 
ferric  salt  is  added  to  a solution  containing  the  halogens  as  ions,  am 
the  liquid  is  distilled.  The  iodine  then  passes  off  with  the  stean. 
while  the  bromidion  and  chloridion  remain  behind.  The  volatilise) 
iodine  is  absorbed  in  a solution  of  potassium  iodide,  and  titrated  wit! 
thiosulphate. 

* A mixture  of  ferrous  and  ferric  iodides  is  obtained  as  ai 
intermediate  product  in  the  preparation  of  potassium  iodide.  Iodind 
and  iron,  in  the  proportions  3Fe : 81,  are  mixed  with  water,  whereby* 
all  is  dissolved,  and  the  solution  is  precipitated  with  caustic  alkali  o 
potassium  carbonate.  Potassium  iodide  is  formed  in  the  solution,  am 
the  iron  is  deposited  as  the  black  ferrosoferric  oxide  (p.  572),  whicl 
can  be  more  easily  filtered  and  washed  than  the  other  oxides  of  iron. 

Ferric  Fluoride,  FeF3,  is  distinguished  by  the  fact  that  it  i 
extremely  slightly  dissociated  into  its  ions,  and  does  not,  therefore 
exhibit  the  reactions  of  triferrion  and  fluoridion.  It  is  a difficult : 
soluble  white  compound,  which  forms  with  the  alkali  fluorides  com* 
pounds  of  the  type  of  cryolite Jp.  554),  constituting  the  alkali  salts  o . 

a trivalent  fluoferranion,  FeFG'". 
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Ferric  Sulphate,  Fe.2(S04)3’,  is  obtained  by  adding  to  a solution 
f ferrous  sulphate  half  as  much  sulphuric  acid  as  is  therein  contained, 
nd  evaporating  the  solution  with  addition  of  nitric  acid  (to  oxidise  the 
iferrion  to  triferrion).  After  heating  the  residue  there  is  finally 
obtained  a yellowish-white  powder,  which  apparently  does  not  dissolve 
i water.  If  left  for  some  time  under  water,  however,  it  dissolves  in 
bundance,  and  fairly  concentrated  solutions  can  be  prepared.  It  is  a 
felt,  therefore,  which  has  a very  small  solution  velocity. 

The  solutions  appear  brown-red,  but  the  colour  is  all  the  paler  the 

■ lore  free  acid  is  added.  This  is  due  to  hydrolysis,  which  is  diminished 
y free  acid.  The  hydrolysis  again  increases  when  the  solution  is 
reatly  diluted. 

Ferric  sulphate  crystallises  along  with  potassium  or  ammonium 
alphate  to  form  alums,  which  are  called  iron  alums.  The  salt 
i.ystallises  in  octahedra,  which  generally  appear  violet  (probably  owing 
> the  presence  of  a trace  of  manganese).  When  pure  the  salt  is 
Imost  colourless,  tinged  with  yellow.  Iron  alum  is  generally  used 
'here  it  is  necessary  to  employ  a ferric  salt  in  cases  where  ferric 
ihloride,  for  some  reason,  cannot  be  used. 

Ferric  Thiocyanate,  Fe(SCN)g,  is  exceedingly  soluble  in  water, 
ad  in  the  undissociated  state  is  of  a deep  red-brown  colour.  The 
inallest  amount  of  triferrion,  therefore,  can  be  detected  by  adding  an 
ixcess  of  thiocyananion  ( e.cj . potassium  thiocjmnate)  to  the  solution. 

■ ince  the  reaction  is  due  to  the  undissociated  ferric  thiocyanate  (for 
oth  thiocyananion  and  triferrion  are  colourless,  or  only  slightly 
oloured),  it  will,  ceteris  paribus,  be  all  the  more  distinct  the  greater  the 
jaiount  of  the  undissociated  compound  present. 

* This  object  is,  in  the  first  instance,  attained  by  a large  excess  of 
niocyananion.  If  to  a solution  containing  only  a very  little  triferrion, 
nly  an  equivalent  amount  of  thiocyananion  is  added,  the  coloration 
roduced  is  very  feeble ; it  becomes  more  pronounced  the  more  the 
jbneentration  of  the  thiocyananion  is  increased.  Further,  the  reaction 
incomes  more  distinct  if  the  liquid  is  shaken  with  ether.  Ferric 
niocyanate  in  the  undissociated  state  is  soluble  in  ether ; the  undis- 
puted portion,  therefore,  passes  for  the  greater  part  into  the  ether, 
?■  fresh  amount  of  the  compound  is  formed  in  the  aqueous  solution,  and 
mis  also  goes  into  the  ether.  When  equilibrium  is  finally  established 
lere  is  much  more  undissociated  ferric  thiocyanate  in  the  ether  than 
Biere  was  previously  in  the  aqueous  solution.  As  a consequence,  the 
h nsitiveness  of  the  reaction  is  correspondingly  enhanced. 

I If  a concentrated  solution  of  sodium  or  ammonium  sulphate  is 
-Uded  to  a liquid  coloured  red  with  ferric  thiocyanate,  the  red  colour 
B Pomes  weaker,  and  finally  disappears.  This  is  due  to  the  fact  that 
tmng  to  the  presence  of  a large  amount  of  sulphanion,  the  triferrion 
K used  up  for  the  formation  of  undissociated  ferric  sulphate,  which  is 
• t coloured.  The  salts  of  monobasic  acids  do  not  act  so  strongly, 
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since  the  ferric  salts  of  the  polybasic  acids  are  generally  much  less  I 
dissociated  than  those  of  the  monobasic  acids.  Fluorides  act  very 
strongly  (cf.  p.  574). 

Other  Ferric  Salts. — Ferric  acetate  is  an  unstable  salt,  the  behavioui ; 
of  which  is,  for  analytical  purposes,  of  interest.  If  sodium  acetate  (oi : 
acetanion  in  any  other  form)  is  added  to  the  solution  of  a ferric  salt/  , 
the  liquid  becomes  dark  red  in  colour,  owing  to  the  formation  of  undis  - 
sociated  ferric  acetate.  This  reaction  is  used  as  a reagent  for  acetic ; 
acid,  but  similar  colorations  are  produced  by  a number  of  other  anions, -j 
so  that  the  reaction  is  not  unequivocal.  If  the  red  solution  is  heated* 
it  becomes  turbid,  and  a precipitate  of  basic  acetate  is  formed,  which  j 
contains  all  the  iron.  In  this  way  iron  (in  the  ferric  state)  can  i 
be  precipitated  from  acid  solutions,  which  is  of  importance  for  many  ' 
separations. 

* If  the  liquid  is  again  allowed  to  become  cold  in  contact  with  the  .: 
precipitate,  it  slowly  regains  its  red  colour,  and  the  iron  begins  to  pass-, 
into  solution.  When,  therefore,  an  exact  separation  is  required,  the.; 
precipitate  must  be  filtered  hot. 

* The  explanation  of  this  reaction  is  the  same  as  in  the  case  of  5 
aluminium  acetate  (p.  558).  Since  acetic  acid  is  a weak  acid  (the.; 
hydrion  of  which  is  still  further  diminished  by  the  excess  of  acetanion:' 
from  the  sodium  acetate  added),  hydrolysis  largely  occurs,  and  in  the.' 
heat  this  goes  so  far  that  ferric  hydroxide,  or  basic  acetate,  is  precipi- 
tated. The  reverse  process  takes  place  at  a lower  temperature  on 
account  of  diminution  of  hydrolysis. 

Ferric  Phosphate,  FeP04,  is  precipitated  from  a solution  of  a < 
ferric  salt,  acidified  with  acetic  acid,  by  the  addition  of  sodium  phos- 
phate, as  a.  white,  slimy  precipitate  which,  unlike  most  of  the  other 
phosphates,  is  not  appreciably  soluble  in  acetic  acid.  This  property  is - 

also  made  use  of  in  analysis.  i 

Sulphur  Compounds  of  Iron. — If  iron  and  sulphur  are  heated 
together  a black  mass  of  the  composition  FeS  is  formed.  This  we  • 
have  already  got  to  know  as  the  starting  substance  in  the  preparation 
of  sulphuretted  hydrogen.  The  compound  can  be  prepared  in  any 
desired  amount  by  raising  the  end  of  an  iron  bar  to  a red  heat,  lower- 
ing this  into  a large  crucible,  and  adding  sulphur  in  lumps.  The  two 
elements  combine  with  so  great  a rise  of  temperature  that  the  iron : 
sulphide  is  melted,  and  the  preparation  can  be  continued  by  simultane- 
ously adding  more  sulphur  and  pushing  the  iron  bar  farther  in. 

* A hydrated  sulphide  of  iron  of  a black  colour  is  formed  when  if 
sulphur  and  iron  filings  are  mixed  in  the  proportions  32:56,  moistened 
with  water,  and  allowed  to  stand.  The  reaction  commences  slowly, 
but  is  accelerated  by  the  heat  produced,  and  in  the  case  of  large 
quantities  it  may  be  so  violent  that  the  mass  becomes  incandescent 
Such  experiments  were  formerly  often  made  in  imitation  of  volcanic  - 
phenomena.  Since,  however,  the  lava  of  the  natural  volcanoes  ; 
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does  nob  consist  of  iron  sulphide,  it  is  only  a case  of  external  re- 
semblance. 

Iron  sulphide  is  readily  decomposed  by  acids,  with  formation  of 
^ ferrous  salt  and  sulphuretted  hydrogen  (p.  266),  and  it  is  therefore  not 
formed  when  sulphuretted  hydrogen  is  passed  into  solutions  of  ferrous 
salts.  By  means  of  ammonium  sulphide,  however,  a black  precipitate 
» of  hydrated  iron  sulphide  is  formed  in  ferrous  solutions ; when  finely 
divided  it  appears  green-black,  and  forms  a very  sensitive  reaction  for 
iron.  Iron  sulphide  rapidly  oxidises  in  the  air,  ferrous  sulphate  being 
first  formed  (p.  560),  so  that  it  cannot  be  washed  on  the  filter  without 
beginning  to  dissolve. 

Iron  sulphide  occurs  native  as  magnetic  pyrites  in  yellow-brown 
masses,  with  a metallic  lustre.  These  have  very  nearly  the  composition 
of  the  simple  iron  sulphide,  but  always  contain  a slight  excess  of  sulphur. 
How  this  deviation  from  the  law  of  constant  proportions  is  to  be 
. interpreted  has  not  yet  been  explained. 

A sulphide  of  iron  corresponding  to  ferric  oxide,  whose  composition 
i would  therefore  be  Fe2S3,  is  not  known.  This  is  a conspicuous  excep- 
tion to  the  otherwise  very  general  rule  that  the  oxygen  and  the  sulphur 
compounds  have  corresponding  composition.  The  anomaly  becomes 
. all  the  greater  through  the  fact  that  the  sulphide  of  iron  occurring 
most  frequently  in  nature  has  the  composition  FeS9,  to  which  again  no 
; oxygen  compound  corresponds. 

Ilf  sulphuretted  hydrogen  is  passed  into  a solution  of  a ferric  salt  a 
white  turbidity  is  produced,  and  the  liquid  becomes  acid.  The  turbidity 
is  finely  divided  sulphur,  and  the  reaction  consists  in  the  triferrion 
present  being  reduced  to  diferrion  by  means  of  the  sulphuretted 
hydrogen.  The  process  can  be  most  simply  regarded  as  an  interaction 
between  negative  sulphidion  and  positive  triferrion,  whereby  the  former 
entirely  loses  its  charge,  the  latter  partially  : 2Fe"‘  + S"  = 2Fe"  + S. 
The  hydrion  belonging  to  the  sulphuretted  hydrogen  is  the  cause  of 
the  acid  reaction. 

The  double  sulphide  of  iron,  FeS9,  is  called,  as  a mineral,  iron 
pyrites,  and  forms  brass-yellow  crystals  belonging  to  the  regular  system, 
j.  which  are  of  very  frequent  occurrence  (as  enclosures,  for  example,  in 

! almost  all  coal).  Iron  pyrites  is  an  important  starting  substance  for 
the  preparation  of  sulphuric  acid ; for  this  purpose  it  is  roasted,  i.e. 
heated  with  access  of  air,  in  specially  constructed  furnaces,  when  it 
burns  without  further  heating  to  ferric  oxide,  which  remains  behind, 
and  sulphur  dioxide,  which  escapes:  4FeS2  + 1102  = 2Fe203  + 8 SO.,! 
When  heated  with  exclusion  of  air  it  loses  a part  of  ""its  sulphur. 

I Ferric  Acid  and  Ferrates.— When  a mixture  of  iron  and  nitre 
bis  heated  it  burns  with  energetic  reaction.  If  the  product  after  being 
cooled  (not  while  hot)  is  dissolved  in  water,  a dark-red  coloured  liquid 
as  obtained,  which,  however,  does  not  keep  well,  but  rapidly  becomes 
j colourless,  thereby  depositing  flocculent  masses  of  ferric  oxide.  A 
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liquid  having  a similar  appearance  is  obtained  by  electrolysing  a i 
solution  of  caustic  potash  with  an  anode  of  cast-iron,  and  also  when 
chlorine  is  passed  through  a solution  of  caustic  potash  in  which  ferric  j 
hydroxide  is  present. 

The  red  colour  is  due  to  a small  quantity  of  salt  of  the  composition  . 
K.,Fe04,  and  which  therefore  contains  the  anion  Fe04".  The  salt  is.> 
readily  decomposable  in  solution,  and  loses  oxygen.  On  acidifying, 
the  decomposition  occurs  instantaneously.  The  potassium  ferrate  is  • 
somewhat  more  stable  in  the  solid  state ; it  is  isomorphous  with  , 
potassium  sulphate,  K2S04. 

Cyanogen  Compounds  of  Iron. — It  has  already  been  mentioned,., 
when  describing  potassium  cyanide,  that  this  compound  unites  with  > 
iron  to  form  good  crystallising  and  stable  compounds.  These  prove- 
to  be  salts  of  complex  anions,  which,  although  they  contain  iron,  do 
not  give  the  usual  iron  reactions.  Since  the  “iron  reactions”  are  the 
reactions  of  diferrion  and  triferrion,  we  must  conclude  that  these  are-: 
not  present,  or  are  so  only  in  infinitely  small  concentration. 

The  compounds  are  very  readily  obtained  by  allowing  an  alkali! 
cyanide  to  act  on  iron  or  an  iron  compound.  In  the  case  of 
metallic  iron  the  reaction  takes  places  with  evolution  of  hydrogen: 
and  formation  of  potassium  hydroxide,  in  accordance  with  the  equation r 
6KCN  + Fe  + 2H20  = K4Fe(CN)0  + 2KOH  + H2.  If  an  iron  salt  is: 
taken,  the  corresponding  potassium  salt  is  formed.  In  this  case  it  is- 
a matter  of  indifference  whether  the  iron  salt  is  soluble  in  water  or 
not,  since  potassium  cyanide  has  under  all  conditions  a solvent  action. 

On  concentrating  the  solution  the  salt  is  obtained  in  bright  yellow 
hydrated  crystals  of  the  composition  K4Fe(CN)G  + 3H.,0,  which  yields, 
a pale  yellow  solution.  As  the  formula  shows,  it  is  the  potassium  salt, 
of  a tetrabasic  acid,  H4Fe(CN)6,  which  is  called  hydroferrocyanic  acid  ; 
the  potassium  salt  is  accordingly  called  potassium  ferrocyanide.  It  is 
better  known  under  the  old  name  yellow  prussiaie  of  potash. 

The  ferrocyanides  exhibit  the  reactions  of  cyanidion  just  as  little 
as  they  do  those  of  iron;  more  especially,  they  are  not  poisonous, - 
whereas  cyanidion  is  so  in  a high  degree.  This  is  a further  proof 
that  the' constituents  of  this  salt  do  not  exist  side  by  side,  as  in  the 
case  of  ordinary  double  salts,  but  have  united  to  form  a new  anion* 

Fe(CN)6,///.  • J 1 . I 

If  strong  hydrochloric  acid  is  added  to  a concentrated  solution  ot 
the  potassium  salt,  a white,  generally  somewhat  bluish  coloured  crystal- 
line precipitate  is  deposited  of  the  composition  H4Fe(CN)G,  which  is 
therefore  hydroferrocyanic  acid.  This  readily  dissolves  in  water,  yield- 
ing a strongly  acid  liquid,  which  is,  however,  not  very  stable,  but  under-: 
goes  a complex  decomposition,  with  deposition  of  a blue  precipitate. 

The  hydroferrocyanic  acid  unites  with  all  bases  to  form  then1 
corresponding  salts,  of  which  those  of  the  alkali  metals  are  readily  ' 
soluble ; those  of  the  alkaline  earth  metals  are,  some  of  them,  rather- 
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j difficultly  soluble,  and  those  of  the  heavy  metals  are  practically 
h insoluble.  The  latter  mostly  exhibit  conspicuous  colours,  and  serve 
| therefore  for  the  detection  of  some  of  the  metals. 

If  a solution  of  potassium  ferrocyanide  is  added  to  a solution  con- 

! taining  diferrion,  a white  precipitate  is  formed  which  is  the  ferrous 
ji  salt  of  hydroferrocyanic  acid,  Fe.,Fe(CN)(i.  For  this  precipitate  the 
same  holds  good  as  was  stated  for  ferrous  hydroxide  (p.  5G8).  It  can 
be  obtained  white  only  when  oxygen  is  excluded,  and  it  is  coloured 
blue  by  the  smallest  amount  of  free  oxygen  or  of  an  oxidising  agent, 
the  ferric  compound  being  formed  which  will  be  described  presently. 
:This  precipitate  is  therefore  used  to  prove  the  absence  of  fre^  oxygen, 
e.g.  in  gases,  and  for  this  purpose  it  forms  one  of  the  most  delicate 
j tests. 

It  is  to  be  noticed  that  the  two  portions  of  iron  in  this  compound 
rvary  in  their  behaviour.  Whereas  two-thirds  of  it  has  entered  the 
■ compound  as  diferrion,  and  behaves  accordingly,  the  last  third  reacts 
I differently.  If,  for  example,  caustic  potash  is  poured  over  the  white 
precipitate,  the  latter  is  decomposed;  ferrous  hydroxide  is  deposited, 
and  potassium  ferrocyanide  remains  in  the  solution.  Two-thirds  of 
I the  iron,  therefore,  passes  into  the  precipitate,  the  last  third  passes  into 
I solution;  the  solution  of  potassium  ferrocyanide  is  not  affected  by  the 
; caustic  potash. 

If  the  ferrocyanidion  is  brought  togetlfer  with  triferrion  (instead 
1 of  diferrion)  the  ferric  salt  of  hydroferrocyanic  acid  is  formed.  Since 
v triferrion  is  trivalent  and  ferrocyanidion  is  tetravalent,  the  normal 
tsalt  requires  four  combining  weights  of  triferrion  to  three  combining 
weights  of  ferrocyanidion,  and  the  formula  of  the  salt  is  Fe4[Fe(CN)c]3, 
or  in  sum  Fe7(CN)18.  The  compound  is  of  a deep  blue  colour,  the 
colour  being  recognisable  even  in  very  small  quantity,  so  tliat  it  forms 
a very  sensitive  reaction  for  triferrion.  The  compound  is  manufac- 
tured on  account  of  its  fine  colour,  and  is  placed  on  the  market  under 
■the  name  of  Prussian  blue.  In  using  it,  it  must  be  noted  that 
although  it  is  not  acted  on  by  acids,  it  is  decolorised  and  decomposed 
jby  bases. 

This  decomposition  by  bases  depends  on  processes  which  are 
'perfectly  similar  to  those  above  described.  On  treating  the  ferric 
ferrocyanide,  as  this  salt  must  be  called,  with  caustic  potash,  potassium 
ferrocyanide  is  again  formed,  and  ferric  hydroxide  is  precipitated : 

' e4[Fe(CN)6]3  + 12KOH  = 3K4Fe(CN)6  + 4Fe(OH)3.  Here  again  the 
-wo  portions  of  iron  in  the  compound  behave  differently. 

* Similar  processes  are  made  use  of  in  the  preparation  of  potassium 
terrocyanide  on  the  large  scale.  In  the  gas-works  the  sulphuretted 
hydrogen  is  removed  from  the  impure  coal-gas  by  passing  it  over  a 
Mixture  of  lime  and  ferrous  sulphate;  the  sulphuretted  hydrogen 
> ereby  forms  iron  sulphide.  At  the  same  time,  ammonium  cyanide 
V s present  in  small  amount  in  the  crude  gas,  and  this  is  converted  by 
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the  purifier  into  calcium  cyanide  and  calcium  ferrocyanide.  This  salt 
is  extracted  with  water,  if  necessary  with  the  addition  of  lime,  and 
converted  into  the  potassium  salt  by  means  of  potassium  chloride  and 
potassium  carbonate.  The  iron  sulphide  is  again  converted  into 
ferrous  sulphate  by  spontaneous  oxidation  in  the  air,  and  on  the 
addition  of  lime,  the  purifier  is  again  fit  for  use,  or  is  “ regenerated.’’  ' 

The  method  of  detecting  small  quantities  of  hydrocyanic  acid! 
mentioned  on  p.  414,  depends  on  the  reactions  just  described.  Tc, 
the  solution  is  added  excess  of  caustic  potash  or  soda,  in  order  to 
form  an  alkali  cyanide,  and  an  iron  salt  is  then  added ; potassium 
ferrocyanide  is  thereby  formed  (p.  578).  The  iron  salt  must  be  in 
excess.  If  the  liquid  is  now  acidified,  the  ferrocyanidion  reacts  wifhi 
the  triferrion,  which  passes  into  solution,  and  Prussian  blue  is  precipi- 
tated. If  the  amount  of  cyanide  is  very  small,  the  Prussian  blue  re- 
mains in  colloidal  form  in  solution,  and  a clear  blue  liquid  is  obtained. 

While  ferrocyanidion  is  very  stable  in  the  cold,  it  decomposes  ai 
a red  heat,  and  is  converted  into  simpler  compounds.  Potassium 
ferrocyanide  blackens  on  being  fused,  nitrogen  is  evolved,  non  caibidel 
separates  out,  and  the  fused  mass  consists  essentially  of  potassium 
cyanide:  K4Fe(CN)6  = 4KCN  + FeC2  + N2.  This  was  formerly  thf 
method  of  preparing  potassium  cyanide,  but  a third  of  the  cyanogen 
is  thereby  lost.  In  order  to  avoid  this,  the  carefully  dried  potassium 
ferrocyanide  is  now  fused  Aith  sodium.  Iron  is  then  deposited,  and  £ 
mixture  of  potassium  and  sodium  cyanide  is  obtained;  for  most  purposes 
this  is  just  as  suitable  as  the  pure  potassium  cyanide,  because  m itr 
applications  it  is  the  cyanidion  and  not  the  potassion  which  is  oi 
importance.  The  reaction  is  represented  by  the  equation  K4F  e(LN  )6  +■ 
oNa  = 4KCN  + 2NaCN  + Fe.  The  readily  fusible  melt  can  be  mud 
more  readily  poured  off  from  the  deposited  iron  than  the  potassium 
cyanide  could,  in  the  old  method,  from  the  iron  carbide. 

Under  the  influence  of  acids  also  hydroferrocyamc  acid  decompose: 
at  a gentle  heat.  When  potassium  ferrocyanide  is  distilled  with  dilute 
sulphuric  acid,  hydrogen  cyanide  passes  over,  while  about  half  of  the 
cyanogen  remains  behind  in  the  form  of  a bright  blue  compound  which 
is  closely  related  to  ferrous  ferrocyanide  (p.  579).  The  decomposition 
is  too  complicated  to  be  represented  by  a single  equation  At  t | 
present  day,  when  nearly  pure  potassium  cyanide  can  be  readily 
obtained,  it  is  more  simple  to  decompose  this  with  dilute  acids  vhen  j 

is  desired  to  prepare  hydrocyanic  acid. 

Ferricyanide  Compounds.  — If  the  solution  of  potas#H 
ferrocyanide  is  treated  with  oxidising  agents,  it  becomes  oad  -^ 
brown-green  colour,  and  on  concentrating  the  solution  a daik-re 
coloured  anhydrous  salt  crystallises  out.  This  has  the  composite 
K,Fe(CN)(i,  and  readily  dissolves  in  water  with  an  mteiibC  ye 
colour.  The  solution,  however,  decomposes  rather  quickly,  altkouc  - 
the  dry  salt  is  stable. 
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If  chlorine  be  used  as  the  oxidising  agent,  the  reaction  can  be 
written  thus  : 2K,Fe(CN)6  + Cl,  = 2K,Fe(CN)(l  + “2KC1,  or  if  the  par- 
ticipating ions  only  are  written,  2Fe(CN)(""  + Cl2  = 2Fe(CN)uw  + 2C1'. 

As  can  be  seen  from  the  above  formulae,  the  anion  of  the  new  salt 
has  the  same  composition  as  that  of  the  old  one,  viz.,  Fe(CN)0,  and  the 
difference  consists  only  in  the  fact  that  the  new  anion  is  trivalent 
while  the  old  one  is  tetravalent.  The  difference  is  therefore  quite 
similar  to  that  between  diferrion  and  triferrion,  which  also  have  the 
same  composition  and  differ  from  one  another  in  the  charge  of 
their  ions.  Since  an  increase  in  the  positive  charge  is  equivalent  to 
a decrease  of  the  negative,  the  following  ions  correspond  to  one 
another  : — 

Diferrion  Fe“  and  Ferrocyanidion  Fe(CN)8"" 

Triferrion  Fe and  Ferricyanidion  Fe(CN)8"7 


This  correspondence  is  also  given  expression  to  in  the  names. 

The  general  properties  of  the  ferricyanides  are  similiar  to  those  of 
the  ferrocyanides.  In  these  compounds,  also,  neither  the  reactions  of 
triferrion  nor  those  of  cyanidion  can  be  detected.  A difference,  how- 
ever, is  shown  in  the  reactions  with  iron  salts. 

If  diferrion  and  ferricyanidion  come  together,  a blue  precipitate  is 
formed  which  is  very  similar  to  Prussian  blue,  but  has  a somewhat 
different  composition.  For  the  salt  which  is  formed,  ferrous  ferri- 
eyanide,  has  the  composition  Fe3[Fe(CN)6]2,  or  in  sum  Fe5(CN)19.  It 
contains,  therefore,  2 AO  combining  weights  of  cyanogen  to  one  of  iron, 
while  Prussian  blue  contains  2 '53  combining  weights  of  cyanogen  to 
ohe  of  iron. 

No  precipitate  is  produced  with  ferric  salts,  but  the  liquid  only 
becomes  somewhat  darker  in  colour.  Ferric  ferricyanide  is  soluble  in 
water,  and  in  the  un dissociated  state  is  dark  coloured. 

By  means  of  concentrated  hydrochloric  acid,  hydroferricyanic  acid, 
H3Fe(CN)G,  can  be  liberated  from  the  solution  of  its  salts,  and  can  be 
obtained  in  brown  needles  which  are  readily  decomposable  and  very 
readily  soluble  in  water. 

The  ferrous  compound  is  decomposed  by  alkalis  in  the  same  way 
as  Prussian  blue,  for  potassium  ferrocyanide  and  fen’ic  hydroxide  are 
formed,  and  not  potassium  ferricyanide  and  ferrous  hydroxide,  as  one 
would  expect.  This  is  due  to  the  fact  that  the  potassium  ferricyanide 
primarily  formed  is  reduced  by  the  ferrous  hydroxide,  which  is  a very 
strong  reducing  agent,  to  the  ferrous  compound,  the  ferrous  hydroxide 
being  converted  into  feme  hydroxide. 

Other  Complex  Compounds. — With  many  other  substances 
besides  cyanogen,  iron  is  capable  of  forming  complex  compounds 
which  contain  compound  ions  in  which  iron  is  present,  and  therefore 
do  not  give  the  reactions  of  iron,  or  do  so  only  very  incompletely. 
The  description  of  most  of  these  substances  mast  be  omitted  here ; 
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only  a few  of  them,  which,  for  some  special  reason,  chiefly  analytical, 
are  of  importance,  can  be  mentioned  here. 

In  the  first  place,  there  must  be  mentioned  the  compounds  which 
are  formed  when  nitric  oxide  or  higher  oxygen  compounds  of  nitrogen  , 
are  brought  together  with  ferrous  salts.  The  latter  compounds  are, 
then  reduced  to  nitric  oxide,  and  this  unites  with  the  diferrion  to  form 
the  compound  ion  FeNO".  This  is,  however,  rather  unstable,  for  it 
undergoes  decomposition  even  on  boiling  the  solution,  nitric  oxide 
escaping  and  diferrion  being  again  formed.  This  behaviour  is  made 
use  of  for  the  preparation  of  pure  nitric  oxide  from  mixed  gases.  On 
it  also  analytical  methods  of  detecting  nitric  oxide  and  the  higher  oxy- 
compounds  of  nitrogen  depend  (p.  323). 

Further,  the  complex  iron  anions  can  be  formed  by  the  compounds 
of  ferric  hydroxide  with  organic  (and  also  with  some  inorganic) 
substances  containing  hydroxyl,  which  were  mentioned  on  p.  572. 
They  are  recognised  by  the  fact  that  their  solutions  are  not  precipi- 
tated by  alkalis. 

Oxalates  of  Iron. — The  oxalates  of  iron,  which  have  from  all 
time  been  regarded  as  a chemical  puzzle  on  account  of  the  differences  - 
of  their  colour  from  the  ordinary  colours  of  the  ferrous  and  ferric 
compounds,  must  also  be  reckoned  among  the  complex  compounds. 

When  free  oxalic  acid  is  added  to  a ferrous  salt,  a crystal- 
line precipitate  of  ferrous  oxalate,  difficultly  soluble  in  ivatei,  is  ij 
deposited.  Unlike  the  other  ferrous  salts,  this  is  not  greenish  but 
orange  coloured,  like  a ferric  salt.  It  dissolves  with  a strong  yellov- 
i’ed  colour  in  an  excess  of  potassium  oxalate,  and  fi  om  this  solution  it 
the  salt  K,Fe(C,04)2  can  be  obtained  in  crystals.  ^ In  the  solution, 
therefore,  a salt  of  the  complex  ferro-oxalanion,  Fe(G204)2  , is  formed.  J 

* The  solution  of  potassium  ferro-oxalate,  which  is  prepared  at 
the  moment  it  is  to  be  used  by  mixing  solutions  of  ferrous  sulphate 
and  normal  potassium  oxalate,  is,  on  account  of  its  powerful  reducing  c. 
properties,  used  in  photography  for  developing  silver  bromide  plates. 

Moist  ferric  hydroxide  readily  dissolves  in  oxalic  acid  to  yield  a s 
liquid  which,  unlike  the  other  ferric  salts,  is  coloured  green.  The 
colour  is,  however,  emerald  green  and  not  pale  green,  like  that  of  the  * 
ferrous  salts.  From  the  solution,  badly  crystallising  ferric  oxalate 
be  obtained,  which  readily  decomposes.  If,  however,  another 


oxalate  is  added,  fine  crystalline,  green  coloured  salts  of  the  complex 
ferro-oxalanion,  Fe(C204)3"',  are  obtained,  e.g.  k3Fe(C204)3. 

The  solutions  (afso  coloured  green)  of  these  salts  possess  in  a 
high  degree  the  property  of  sensitiveness  to  light.  In  sunlight,  a solu- 
tion of  ferric  oxalate  almost  instantaneously  deposits  a yellow ^precipi- ; 
tate  of  ferrous  oxalate,  and  carbon  dioxide  is  evolved : he.,(L,U4)3 
oFe(C  0 ) + 2C0o  The  salts  of  ferrioxalic  acid  behave  in  a similar 
manner, ‘being  converted  into  tl,e  corresponding  salts  of  ferro-oxal^ 

acid  : 2K!tFe(C204)8  = 2K!Fe(C204)2  + KAO,  + 3COr  These  phono 
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niena  are  made  use  of  for  the  production  of  photographs,  especially 
of  platinum  pictures,  a graded  reduction  being  allowed  to  take  place 
by  exposure  under  a “ negative,”  and  the  potassium  ferro-oxalate  thus 
produced  being  used  for  the  reduction  of  platinum  from  a compound 
present.  The  solution  has  also  been  used  as  a chemical  photometer, 
i.e.  an  apparatus  for  measuring  the  strength  of  the  chemically  active 
light.  Apart  from  other  objections,  the  results  are  of  little  value,  from 
the  fact  that  every  sensitive  substance  has  its  particular  range  of  light 
waves  which  it  absorbs  and  makes  use  of  for  chemical  reactions. 
There  is,  therefore,  no  such  thing  as  a “chemical  intensity  of  light 
in  the  absolute  sense,  and  every  chemical  photometer  indicates  the 
strength  of  only  a definite  range  of  rays  of  the  light  subjected  to 
examination,  this  range  being  dependent  on  the  nature  of  the 
photometer. 

Iron  Carbonyls. — Carbon  monoxide  combines  with  iron  to  form 
very  remarkable  compounds,  which  are  slowly  formed  when  the  two 
components  come  into  contact  at  the  ordinary  or  at  a slightly  higher 
temperature.  Various  substances  are  hereby  formed,  containing  from 
4 to  7 CO  to  1 Fe  ; they  are  readily  volatile,  so  that  they  mix  in  the 
gaseous  state  with  the  excess  of  carbon  monoxide.  Their  velocity  of 
formation  is  so  small  that  even  by  using  finely  divided  iron  with  a 
large  surface  only  very  small  amounts  are  formed,  which  are  difficult 
to  isolate  and  to  prepare  pure. 

* Appreciable  amounts  of  these  compounds  are  formed  in  iron 
pipes  which  convey  gas  rich  in  carbon  monoxide,  especially  when  the 
conduits  are  long  and  the  carbon  monoxide  has,  therefore,  time  to 
unite  with  the  iron.  While  for  ordinary  purposes  these  traces  of  iron 
in  the  gas  are  of  no  importance,  they  have  proved  very  inconvenient 
in  the  application  of  such  gas  for  incandescent  light,  as  the  iron  oxide 
which  is  produced  in  the  combustion  is  deposited  on  the  incandescent 
mantles,  and  impairs  their  illuminating  power. 

A better  known  example  of  such  compounds  will  be  described 
under  nickel. 

Catalytic  Actions  of  Iron. — Both  in  the  ionic  state  and  in 
numerous  compounds,  iron  frequently  exercises  a very  considerable 
catalytic  influence,  especially  on  oxidation  processes.  To  observe 
this  it  is  only  necessary  to  mix  dilute  solutions  of  hydrogen  peroxide 
and  hydrogen  iodide,  or  better,  potassium  iodide  plus  acetic  acid. 
A reaction  slowly  occurs  in  which  iodine  is  liberated  and  can  be 
rendered  visible  by  means  of  starch.  If* quite  a small  amount  of 
any  ferrous  salt  is  added,  the  blue  coloration  occurs  incomparably 
more  quickly.  A similar  accelerating  action  has  been  proved  in  the 
case  of  many  other  reactions. 

At  the  present  time,  no  regularities  of  a more  general  nature  are 
known  respecting  these  relations.  It  is  of  importance,  however,  to  be 
aware  of  them,  since  the  physiological  importance  of  iron  probably 
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depends  on  them.  The  presence  of  iron  has  been  detected  both  in  the  d 
red  blood  corpuscles  and  in  the  green  colouring  matter  of  the  4 
assimilating  plant  cells  ( i.e . those  which  reduce  carbon  dioxide  in 
light),  and  although  at  the  present  time  the  laws  of  these  relations  - 
cannot  be  stated,  nevertheless,  the  fact  above  mentioned  indicates  an, 
important  direction  for  investigation. 

Metallurgy  of  Iron. — As  metallic  iron  does  not  occur  native 
to  any  great  extent,  the  very  large  quantities  of  this  metal  which  are 
used  in  the  industries  must  be  manufactured  from  its  compounds. - 
For  this  purpose  the  oxygen  compounds,  which  are  reduced  with 
charcoal,  are  almost  exclusively  used. 

This  reduction  is  carried  out  chiefly  in  the  blast-furnace,  which  is  - 
an  elongated,  egg-shaped  space  enclosed  by  masonry ; into  this  alternate  > 
layers  of  iron  ore  and  coal,  along  with  the  additions  necessary  for  the  « 
production  of  a readily  fusible  slag,  are  introduced  from  the  top.  In 1 
the  lower  part  of  the  furnace  there  is  a narrow  cylindrical  space  into' 
which  heated  air  is  blown,  and  in  which  the  fused  iron  collects. 

The  changes  which  the  ore  undergoes  in  such  a furnace  are  rather 
varied.  In  the  upper  parts  it  is  only  heated,  whereby  water  is  s 
eliminated  from  hydrated  ores,  carbon  dioxide  from  iron  carbonate,  . 
and  the  ores  are  converted  into  ferric  oxide  or  ferroso-ferric  oxide.  • 
In  the  lower,  hotter  parts  of  the  furnace,  this  is  reduced  to  metallic  < 
iron  by  the  carbon  monoxide  which  is  present  in  abundance.  Since  t 
the  temperature  is  not  nearly  high  enough  to  melt  the  iron,  the  e 
reduced,  spongy  metal  sinks  down  along  with  the  excess  of  charcoal  to 
the  lowest  part  of  the  furnace,  where  the  highest  temperature  is 
reached  through  the  combustion  of  the  charcoal  in  the  injected  air.  . 
The  iron  here  combines  with  carbon  and  fuses  together,  forming  castr  h 
iron  or  crude  iron,  and  collects  at  the  bottom  of  the  furnace. 

The  iron  is  run  off  from  time  to  time  and  formed  into  longish  k 
blocks,  or  used  for  making  castings.  The  slag  which  is  formed  at  the 
same  time,  and  which  is  essentially  a mixture  of  vai’ious  silicates,  floats  ? 
on  the  fused  iron,  and  can  continually  run  off  through  an  overflow. 

The  crude  iron  obtained  in  this  way  contains,  besides  about  4 per  . 
cent  of  carbon,  silicon,  phosphorus,  sulphur,  and  also  manganese  in  I 
varying  amounts.  For  the  conversion  of  this  into  wrought-iion  and 
steel,  not  only  must  the  amount  of  carbon  be  reduced,  but  the  other  r 
admixtures,  which  diminish  the  value  of  these  other  kinds  of  iron,  * 

must  be  removed  as  far  as  possible.  _ ... 

For  this  purpose,  several  methods  are  employed,  which  differ  from 
one  another,  however,  only  in  the  technical  details,  but  v hieh  a 
amount  to  the  same  thing  chemically,  viz.,  the  removal  of  the  foreign  i 
substances  by  oxidation.  The  chemical  reactions  are  most  read®  i 
intelligible  in  the  Bessemer  process,  which  is  at  present  chiefly  use  . 

The  iron  is  introduced  in  the  fused  state  into  a large  pear-shaped  i 
vessel,  and  heated  air  is  blown  through  the  molten  mass.  6 


ft  XXVI 1 


IRON 


585 


| impurities  then  burn  more  rapidly  than  the  iron,  and  the  products  of 
>j  oxidation  pass  off  in  the  gaseous  state,  or  pass  into  the  slag  which  is 
simultaneously  formed.  While,  in  this  manner,  carbon,  silicon,  and 
sulphur  can  be  readily  removed,  the  removal  of  the  phosphorus  was 
not  successful  as  long  as  there  was  used  for  the  vessel  a lining  which 
consisted  essentially  of  clay.  Not  until  this  was  replaced  by  a basic 
lining  consisting  of  lime  or  magnesia,  whereby  the  phosphorus  passes 
into  the  slag  as  the  corresponding  phosphate,  did  it  become  possible 


to  obtain 


good 


wrought  - iron  or  steel  from  crude  iron  rich  in 


phosphorus.  The  slag  rich  in  phosphoric  acid  which  is  thereby 
formed,  is  used  as  an  important  fertiliser  in  agriculture  (p.  523),  and 
is  called  Thomas’s  slag,  after  the  inventor  of  the  method. 

The  course  of  decarbonisation  by  the  Bessemer  process,  which 
takes  place  in  a very  short  time,  can  be  controlled  by  spectroscopic 
observation  of  the  flame  produced,  and  can  be  interrupted  at  the 
desired  moment.  If  2 per  cent  of  carbon  are  still  left  in  the  iron, 
steel  is  formed;  if  the  amount  of  carbon  is  reduced  to  1 per  cent,  and 
less,  a kind  of  wrought-iron  is  obtained  which  is  called  ingot  iron. 
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General. — The  element  manganese  is  very  closely  related  to  iron, 
differs  from  it  in  being  more  readily  oxidised,  and  in  its  higher  co 
pounds  being  more  readily  formed  than  in  the  case  of  iron.  For  t 
rest,  the  corresponding  compounds  of  manganese  and  iron  are  ve 
similar  to  one  another,  and  in  many  cases  are  isomorphous, 

In  nature,  manganese  occurs  very  widely  distributed,  but  is  mu 
less  abundant  than  iron.  It  is  found  chiefly  as  manganese  peroxic 
MnO„  the  many  applications  of  which  we  have  repeatedly  noted. 

In  its  chemical  relations,  manganese  is  characterised  by  the  ve 
great  diversity  of  its  compounds.  It  forms  not  less  than  five  oxidatl 
stages,  the  lower  members  of  which  form  bases,  the  higher,  acit 
There  is,  accordingly,  a correspondingly  large  number  of  differe 
salts  containing  manganese.  By  reason  of  this  it  exhibits  very  diver 
relations  of  affinity  and  isomorphism;  whereas  the  lowest  series 
compounds  is  allied  to  magnesium,  the  following  ones  exhibit  is 
morphism  relations  with  aluminium,  titanium,  sulphur,  and  chlorine. 

The  combining  weight  of  manganese  is  Mn  = 55 ’0. 

Metallic  Manganese. — Pure  manganese  was  formerly  htt 
known.  The  metal  fuses  with  still  greater  difficulty  than  iron,  an 
like  the  latter,  it  unites  at  a high  temperature  with  carbon,  so  th 
the  element  obtained  by  the  reduction  of  the  oxygen  compounds  vn 
charcoal  always  contains  a fair  quantity  of  carbon.  Manganese  fr 
from  carbon  can  now  be  readily  obtained  by  reduction  with  aluminiui 
according  to  the  method  of  Goldschmidt,  and  manganese  is  thus  four 
to  be  a reddish-grey,  lustrous  metal  which  is  harder  than  iron  ai 
keeps  very  well  in  the  air,  whereas  the  carbonised  metal  w hich  w 
formerly  known  oxidised  very  rapidly.  It  is  very  readily  dissolve 
by  acids,  and  in  this  respect  probably  takes  the  first  place  among 
heavy  metals;  even  in  dilute  acetic  acid  it  evolves  hydrogen  wi 


it  evolves 

great  vigour.  By  the  dissolution,  the  corresponding  manganous  sa 

is  formed.  . , . lor( 

Manganese  is  not  used  in  the  free  state,  but  is  employ  t in 
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quantities  as  an  addition  to  iron.  White  crude  iron  (p.  504)  generally 
contains  larger  or  smaller  amounts  of  it.  Such  an  iron  is  especially 
suitable  for  being  treated  by  the  Bessemer  process,  as  the  great  heat  of 
oxidation  of  manganese  facilitates  the  maintenance  of  the  requisite 
high  temperature. 

Dimanganion. — The  first  series  of  compounds  which  manganese 
forms,  is  derived  from  the  divalent  ion  Mn",  which,  in  many  respects, 
has  a great  similarity  to  magnesion.  Dimanganion  has  a pale  reddish 
colour,  no  special  physiological  action,  and  its  heat  of  formation  is 
210  kj.  All  soluble  manganous  salts  are  distinguished  from  the 
'ferrous  salts  by  the  fact  that  they  do  not  oxidise  in  the  air  in  acid 
solution. 

Manganous  Hydroxide,  Mn(OH)2,  is  obtained  as  a reddish- 
uvhite  precipitate  when  a solution  of  a manganous  salt  is  precipitated 
srith  alkalis.  In  the  air,  this  precipitate  rapidly  becomes  brown, 
(thereby  passing  into  manganic  hydroxide,  Mn(OH);i.  It  is  not  dis- 
solved by  excess  of  alkalis,  but  is  so  by  ammonium  salts.  The  reason 
s exactly  the  same  as  in  the  case  of  magnesium  hydroxide  (p.  532) ; 

■ lie  degree  of  solubility,  also,  is  about  the  same.  The  ammoniacal 
.olution,  however,  behaves  differently  in  so  far  as  it  rapidly  becomes 
rirown  and  turbid  in  the  air.  This  is  due  to  the  absorption  of  oxygen, 
rvhereby  manganic  hydroxide  is  formed,  which  is  much  too  weak  a 
wase  to  be  soluble  in  ammonium  salts. 

By  heating  the  carbonate  or  by  precipitating  hot,  the  anhydride, 
i nanganous  oxide,  MnO,  is  obtained  in  the  form  of  a greenish  powder. 

Of  the  manganous  salts,  the  chloride,  MnCl2,  may  in  the  first  place 
l ie  mentioned.  It  is  obtained  in  the  impure  state  as  a residue  in  the 
6-  reparation  of  chlorine  from  manganese  peroxide  or  pyrolusite  (p.  166). 
r t is  a pale  reddish,  easily  soluble  salt,  which  crystallises  with  4H.,0. 

Manganous  Sulphate,  MnS04,  crystallises  generally  in  hard, 
db  eddish  crystals  with  4H20;  besides  this,  it  can  crystallise  with  7Ho0 
9 11  fche  forms  of  ferrous  sulphate,  with  5H20  in  the  forms  of  copper 
jTulphate,  etc.  With  the  alkali  sulphates,  also,  it  forms  monoclinic 
T louble  salts  of  the  type  Iv.2S04  . MnS04 . 6H20. 

Manganous  Carbonate,  MnC03,  can  be  obtained  as  a reddish 
[ irecipitate,  by  precipitating  manganous  salts  with  carbonates ; it 
jhoddises  in  the  air,  but  much  less  rapidly  than  the  hydroxide.  In 
I ature  the  carbonate  is  found  as  manganese  spar ; this  occurs  in 
hombohedra,  which  are  isomorphous  with  those  of  calc-spar. 

Manganous  Sulphide,  MnS,  is  the  most  soluble  of  the  sulphur 
> ompounds  of  the  heavy  metals  which  are  formed  in  aqueous  solution. 

t is  decomposed  even  by  acetic  acid,  and  can,  therefore,  not  be  pre- 
cipitated from  solutions  of  manganous  salts  with  sulphuretted  hydrogen, 
c lit  only  with  alkali  sulphides.  If  the  precipitation  is  carried  out  in 
he  cold,  a slimy,  flesh-coloured  precipitate  (the  only  sulphur  com- 
■0und  of  this  colour)  is  obtained;  from  moderately  concentrated 
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solutions  in  the  heat,  anhydrous  manganous  sulphide  is  sometimes  j 
precipitated,  under  conditions  which  are  not  yet  exactly  known,  as  a i 
grey-green  powder.'  In  the  air  the  sulphur  compound  oxidises  very  < 
rapidly,  so  that  it  must  he  washed  with  a solution  of  ammonium  i 
sulphide  when  use  is  made  of  it  for  the  precipitation  of  manganese; ! 
in  analysis. 

Manganous  Borate  is  obtained  by  the  precipitation  of  a man-.-j 
ganous  salt  with  borax,  and  is  placed  on  the  market  in  the  form  of  a i 
brown  powder.  It  is  used  in  large  quantities  for  the  preparation  of  4 
varnish.  This  is  due  to  its  catalytic  properties.  There  are  certain  i 
vegetable  oils,  e.g.  linseed  oil,  which  oxidise  in  the  air  to  resinous  - 
masses.  With  the  crude  oils,  this  oxidation  takes  place  only  slowly ; ; 
if,  however,  the  oil  is  heated  and  a small  quantity  (less  than  1 per 
cent)  of  manganous  borate  is  added,  the  absorption  of  oxygen  is  greatly  • 
accelerated  catalytically,  and  a rapidly  drying  oil  or  a varnish  is  • 
obtained.  Further,  dimanganion  has  the  property  of  very  greatly y 
increasing  the  action  of  certain  organic  catalysers  which  accelerate- 
oxidation,  the  “oxidases.” 

Manganic  Compounds. — The  compounds  of  trivalent  manganese-, 
or  the  manganic  compounds,  are  formed  from  the  manganous  com-.- 
pounds  by  oxidation.  Even  in  the  case  of  iron  a considerable:- 
diminution  of  the  basic  properties  accompanied  the  corresponding^ 
transformation,  a fact  which  found  expression  in  the  incipient  hydro-  ■ 
lysis  of  the  salts ; in  the  case  of  manganese,  however,  the  difference  - 
is  much  greater.  The  hydrolysis  of  the  manganic  compounds  in 
aqueous  solution  is  so  great  that  such  compounds  are  quite  unstable,, 
and  rapidly  decompose  with  separation  of  manganic  hydroxide,  Mn(OH).,. . 

For  this  reason,  very  little  is  known  regarding  the  properties  of 
the  ion  Mn'“.  Its  colour  appears  to  be  violet-red,  and  the  darlG 
brown  colour  of  some  solutions  of  manganic  salts  is  the  result  of 
hydrolysis,  since  the  manganic  hydroxide  is  dark-brown  in  colour. 

The  normal  hydroxide  does  not  occur  in  nature,  but  various 
anhydrides  of  it  do.  The  partial  anhydride  MnO(OH)  is  called 
manganite ; manganese  sesquioxide,  or  the  complete  anhydride,  Mn.,0.., 
is  dimorphous,  and  is  called  braunite  and  hausmannite. 

In  the  solid  state,  some  of  the  manganic  salts  are  known  as  well- 
defined  compounds.  The  sulphate  is  obtained  by  warming  manganese- 
peroxide  Avith  concentrated  sulphuric  acid  until  it  has  dissolved  to  a . 
dark-coloured  liquid,  and  then  Avashing  the  paste  of  sulphate,  which  is*j 
formed  even  in  the  heat,  free  from  sulphuric  acid  by  means  of  nitric : 
acid.  It  is  a dark-green  poAvcler,  Avhich  dissolves  in  Avater  Avith  a 
violet-red  colour,  Avhich  very  speedily  changes  to  brown,  manganic: 
hydroxide  being  deposited.  Manganic  chloride,  MnCL,  is  also  formed, 
temporarily,  when  manganic  hydroxide  is  dissolved  in  cold  concen- 
trated hydrochloric  acid,  and  on  dilution  Avith  Avater  behaves  like  t e 
sulphate. 
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Those  manganic  salts,  however,  which  are  not  ionised  to  any  great 
extent,  undergo  only  a slight  hydrolysis,  as  was  to  be  foreseen  accord- 
ing to  the  theory  of  hydrolysis.  To  these  there  belongs,  in  the  first 
instance,  the  fluoride,  MnF3,  which  can  be  prepared  by  dissolving 
manganic  hydroxide  in  aqueous  hydrofluoric  acid,  and  which  can  be 
obtained  in  dark-red  crystals.  This  forms  double  salts  with  the  alkali 
fluorides,  of  the  type  K2F2 . MnF3  . 2H20. 

Finally,  the  phosphate,  MnPO,,  appears  to  be  a slightly  dissociated 
salt.  It  dissolves  in  excess  of  phosphoric  acid  to  a red-violet  liquid, 
which  is  stable  even  at  the  temperature  of  boiling. 

Manganese  Peroxide. — Tetravalent  manganese  forms  the  hy- 
droxide Mn(OH)4,  the  anhydride  of  which  is  the  oft-mentioned 
manganese  peroxide,  Mn02.  Since  even  in  the  case  of  trivalent 
manganese  the  basic  properties  had  practically  disappeared,  it  is 
natural  that  tetravalent  manganese  is  no  longer  capable  of  forming 
salts  like  a base.  On  the  other  hand,  the  acid  properties  which  are 
present  in  a pronounced  manner  in  the  higher  stages  of  the  manganese 
compounds,  begin  to  be  indicated  here. 

Manganese  peroxide  occurs  fairly  abundantly  in  nature  as  pyrolusite, 
and  is  the  most  important  of  all  the  naturally  occurring  compounds  of 
manganese.  It  occurs  in  grey-black  crystals,  the  powder  of  which  is 
black  (not  brown). 

The  hydroxide,  Mn(OH)4,  is  obtained  by  subjecting  manganous 
salts  to  strong  oxidising  actions  in  neutral  or  alkaline  liquids.  As 
oxidising  agent  there  can  be  used  chlorine,  bromine,  or  a hypo- 
chlorite. The  hydroxide  is  dark-brown  in  colour,  and  amorphous,  and 
passes  readily  into  the  colloidal  state.  By  moderate  dehydration,  the 
intermediate  anhydride,  MnO(OH)2,  which  has  the  same  appearance,  is 
obtained. 

If  the  hydroxide  is  treated  with  cold,  concentrated  hydrochloric 
acid,  it  dissolves  with  a dark  brown-green  colour ; if  the  solution  is 
immediately  diluted  with  a large  quantity  of  water,  the  hydroxide  'is 
again  deposited.  This  is  due  to  the  formation  of  a tetrachloride, 
MnCl4,  which  is  hydrolysed  by  much  water.  If  the  solution  is 
warmed,  it  becomes  colourless  and  evolves  chlorine ; manganous 
chloride  remains  in  the  residue.  The  reaction  for  the  preparation 
of  chlorine  given  on  p.  166  takes  place,  therefore,  in  two  stages, 
tetrachloride  being  first  formed  and  then  decomposing  into  chlorine 
and  dichloride.  The  equations  are  Mn02  + 4HC1  = MnCL  + 2H„0 
and  MnCl4  = MnCl2  + Cl2. 

The  manganese  perhydroxide  prepared  as  above  given,  generally 
yields  too  little  oxygen  on  analysis.  This  is  due  to  the  fact  that  the 
compound,  MnO(OH)2  or  H2Mn03,  can  act  like  an  acid,  corresponding 
to  carbonic  acid  or  sulphurous  acid,  and  form  salts.  If  the  manganese 
peroxide  is  formed  in  presence  of  a base,  all  the  manganese  passes 
into  this  compound ; in  the  absence,  however,  of  another  base,  part  of 
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the  manganese  in  the  divalent  state  is  incorporated  in  the  precipitat 
the  manganous  salt  of  the  above  acid,  manganous  acid,  the  formula 


which  is  Mn  . Mn03,  equal  to 


Mn203,  being 


formed.  If,  however, 


base  is  present,  e.g.  lime,  calcium  manganite  is  formed,  and  all  tl; 
manganese  passes  into  the  tetravalent  state. 

* This  reaction  is  made  use  of  for  the  regeneration  of  the  mat 
ganese  liquors  in  the  manufacture  of  chlorine  from  hydrochloric  ac 
and  pyrolusite.  The  requisite  amount  of  lime  is  added  to  the  liquo 
in  order  to  convert  the  manganous  chloride  into  manganous  hydroxid 
and  still  one  combining  weight  of  lime  more.  If  air  is  blown  throu^ 
this  mixture,  oxidation  takes  place  rapidly  and  readily,  and  calciu 


f' 


manganite,  CaMn03,  is  deposited  as  a black  precipitate,  known 


Weldon  mud.  This  again  yields  chlorine  with  hydrochloric  acid,  hi  i 
half  as  much  hydrochloric  acid  more  is  required,  as  can  be  seen  fro 


the  equation  CaMn03  + 6HC1  = CaCl2  + MnCl2  + Cl2. 


up, 


* At  the  present  day  this  method  is  being  more  and  more  give 
as  the  electrolysis  of  the  alkali  chlorides  yields  more  chlorine  tha 


can  be  made  use  of  in  the  arts. 

Besides  being  used  for  the  preparation  of  chlorine,  manganes-t 
peroxide  is  employed  in  pottery  works  for  the  production  of  brow 
and  violet  colours.  Melts  to  which  manganese  peroxide  has  bee-  j 
added  are  coloured  violet ; if  iron  is  present  at  the  same  time,  a darl:  I 
brown  colour  is  produced. 

Manganese  peroxide  is  also  employed  in  the  manufacture  of  glasc- 
It  is  there  used  in  order  to  remove  the 


greenish  coloration  -which  th 


glass  assumes  owing  to  the  presence  of  ferrous  compounds  (p.  528; 

‘ fj 


The  action  is  probably  due  to  an  oxidation  of  the  ferrous  to  the  ferri 
compound,  the  yelloAv  colour  of  which  is  much  feebler.  Besides  this 
the  yellow  colour  of  the  ferric  glass  is  counteracted  by  the  Hole 
colour  of  the  manganese  salt,  and  an  imperceptible  neutral  tint  i 
produced. 

■f  Glass  which  has  been  decolorised  with  manganese  exhibits  th« 
remarkable  property  that  it  slowly  becomes  red-violet  in  colour  whei 
exposed  to  light.  This  colour  passes  through  the  whole  mass  of  tin 
glass,  but  is  absent  from  those  parts  where  the  light  was  weakened,  as 
for  example,  behind  letters  fixed  on  shop  windows.  This  phenonienoi 
is  a proof  that  in  spite  of  the  apparently  solid  nature  of  the  glass  - 
chemical  processes  can  occur  in  the  interior  of  the  mass,  as  in  a liquic 
which  is  not  in  equilibrium. 

* Manganese  peroxide  is  also  used  for  making  galvanic  cells,  since 
it  conducts  the  electric  current,  and  as  a cathode  gives  a fairly  high, 
potential  with  zinc  as  anode.  The  processes  taking  place  in  galvanic 
cells  will  be  discussed  in  detail  at  a later  point  in  connection  with  a 
simpler  case  (Chap.  XXXII.) ; at  this  point  it  will  be  sufficient  to  state 
that  such  cells  are  generally  formed  of  an  oxidising  agent  and  a 
reducing  agent,  separated  from  one  another  by  an  intermediate  con 
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.)  ductor,  generally  a salt  solution,  and  where  necessary,  a porous 
j(  partition.  On  making  the  proper  connection,  an  electric  current  is 
I produced  whereby  the  reducing  agent  is  oxidised  at  the  expense  of 
j the  oxidising  agent ; the  chemical  energy  which  thereby  becomes  free 
I yields  the  work  necessary  for  the  electric  current.  In  the  above  cell 
n ' composed  of  manganese  peroxide  and  zinc,  the  manganese  peroxide  is 
f-  the  oxidising  and  zinc  the  reducing  agent.  Both  these  are  immersed 
in  a solution  of  sal  ammoniac,  and  when  the  circuit  is  closed  the  zinc 
41  dissolves  and  the  manganese  peroxide  is  reduced  to  manganous  oxide. 

* Such  a cell  can  be  easily  made  as  follows.  A mixture  of 
pyrolusite  and  coke  (for  the  sake  of  the  conduction)  is  placed  at 
the  bottom  of  a tumbler,  a rod  of 
hard,  conducting  charcoal  is  introduced 
into  this,  and  the  glass  filled  with  a 
solution  of  ammonium  chloride ; a zinc 
rod  is  suspended  in  the  upper  part 
of  the  liquid  in  such  a way  that  it 
does  not  touch  the  manganese  per- 
oxide and  the  charcoal  (Fig.  112).  On 
uniting  the  zinc  and  the  charcoal  by 
means  of  a conductor,  an  electric  current 
passes  through  the  latter.  Such  a cell 
(Leclanch6  cell)  lasts  for  a long  time 
if  only  small,  intermittent  currents  are 
jaken  from  it,  as,  e.y. , for  electric 
wells  j for  strong,  continuous  currents 


t is  useless,  because  the  necessary  chemical  reactions  do  not  occur 
sufficiently  rapidly,  and  the  cell  therefore  quickly  loses  its  electro- 

notive  force  when  much  used.  It  recovers  its  electromotive  force  on 
nesting. 


Oil  ignition,  manganese  peroxide  loses  oxygen,  and  is  converted 
nto  manganoso-manganic  oxide,  Mn304,  corresponding  to  ferroso-ferric 

'i^t , 1 IT °n  18  3Mn0* = M"A  + 0,  This  was  formerly  the 
aethod  by  which  oxygen  was  prepared  in  the  pure  state,  and  it  has 
V herefore  a certain  historical  importance. 

i The  same  manganoso-manganic  oxide,  although  not  of  exactlv 
c onstant  composition,  is  formed  when  any  of  the  other  oxides  of 
l auganese  or  manganese  carbonate  is  ignited  in  the  air,  and  this 

18  tberefore  used  for  weighing  manganese  in  analytical  separa- 
" oils  As  has  been  mentioned,  however,  the  composition  is  not  Lite 
I nstant;  this  depends  more  especially  on  the  temperature,  the  amount 
f ^gen  decreasing  somewhat  as  the  temperature  rises 

>undsaTniC  and  Perman8-anic  Acid.— Although  com- 

MnO  , manganese  are  not  known,  manganic  acid 

: can  be  regarded  as  a partial  anhydride  of  the  hydroxide  of 

rxavalent  manganese,  for  Mn(OH)0  - 2H20  = Mn02(0H)9  = H.,MnO 

- 4* 
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This  interpretation,  however,  is  in  the  first  instance  only  a formal  one.-il 
for  neither  is  the  hexahydroxido  itself  nor  compounds  directly  corre- ; 
sponding  to  it  known.  It  will  be  found,  however,  that  this  interpret  < 
tation  is  a convenient  one  in  discussing  the  oxidation  and  reduction  j 
processes  of  the  manganese  compounds. 

Manganic  acid  itself  is  not  known  ; it  is  no  more  possible  to  pre-i 
pare  it  pure  than  it  is  to  prepare  thiosulphuric  acid,  for  its  anion  i 
cannot  exist  along  with  hydrion  in  solution  without  at  once  undergoing^ 
transformation.  It  is  known  only  in  its  salts,  which  are  stable  in  i 
alkaline  solutions,  but  in  neutral  or  acid  solutions  are  immediately^ 
converted  into  the  ion  of  the  next  compound,  permanganic  acid.  The-i 
analysis  of  the  salts,  and,  more  directly,  the  pronounced  isomorphism  oil 
these  with  the  sulphates,  lead  to  the  formula  already  given,  H2MnOf. 

The  salts  of  manganic  acid,  or  the  manganates,  are  very  readily.} 
formed  by  heating  any  manganese  compound  with  strong  bases  or  with  ■ 
carbonates.  If  potassium  or  sodium  carbonate  (or  better,  a mixture! 
of  these)  is  heated  to  fusion  and  a trace  of  manganese  in  any  fomnj 
added  to  it,  the  latter  dissolves  with  absorption  of  oxygen  from  the/ 
air,  and  imparts  a fine  dark-green  colour  to  the  melt.  On  cooling,  thei 
mass  appears  almost  black  when  a fair  amount  of  manganese  is  pre-ei 
sent,  and  greenish-blue  when  only  very  little  is  taken'.  The  reaction: 
is  so  sensitive  that  it  can  be  used  for  the  detection  of  manganese.  In 
crude  potashes,  patches  of  a blue-green  colour  are  frequently  found, : 
due  to  accidental  traces  of  manganese,  which  on  heating  have  been 
converted  into  manganate. 

* ln  order  to  prepare  potassium  manganate,  a mixture  of  pyrow, 
lusite  and  caustic  potash  is  heated  in  the  air;  oxygen  is  thereby 
absorbed,  and  a black  mass  of  potassium  manganate  is  formed.  M hen 
this  is  dissolved  in  water  a dark  green,  almost  opaque  solution  is  given 
even  with  very  small  amounts. 

•f  The  isomorphism  with  potassium  sulphate  is  seen  when  this  salt 
is  added  to  the  above  solution,  and  this  allowed  to  crystallise.  The 
crystals  of  potassium  sulphate  are  obtained,  coloured  in  all  tints  of 
bright  and  dark  green. 

The  solution  of  the  crude  potassium  manganate  remains  unchanged- 
when  it  contains  a large  amount  of  potash.  On  adding  any  acid,  the* 
solution  acquires  a fine  red  colour,  and  then  contains  another  compound, 
which  is  derived  from  lieptavalent  manganese.  The  same  colour-change 
occurs  on  allowing  the  dilute  solution  to  stand  in  the  aii  , the  above 
change  is  then  effected  by  the  carbon  dioxide  of  the  air.  In  passing 
from  green  to  red,  the  solution  passes  through  a number  of  inter* 
mediate  violet  and  blue  colours,  and  this  change  of  colour  has  pro- 
cured for  the  substance  the  name  “ mineral  chameleon.” 

On  adding  a fairly  large  excess  of  ordinary  caustic  potash  to  the 
solution  after  it  has  become  red,  the  colour  again  changes  fairly  rapidly 
to  green. 
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When  the  red-coloured  liquid  is  evaporated,  a salt  crystallises  out 
in  almost  black  crystals  with  a metallic  lustre,  the  composition  of  which 


***  »/ 7 1 

is  represented  by  the  formula  KMn04.  Apparently,  therefore,  it  con- 
tains the  same  ions  as  potassium  manganate,  only  in  different  propor- 
tions, there  being,  in  the  present  case,  oidy  one  combining  weight  of 
potassion  to  one  of  the  ion  Mn04',  instead  of  two  as  in  the  case  of 
the  manganates.  This,  however,  furnishes  the  essential  distinction 
between  the  two  compounds,  a distinction  which  is  similar  to  that 
between  ferrocyanide  and  ferricyanide.  The  ions  of  potassium  man- 
ganate are  2K  and  Mn04";  those  of  the  red  salt,  which  is  called 
potassium  permanganate,  Iv  and  Mii04'.  Whereas,  therefore,  the  former 
ion  is  similar  to  that  of  divalent  sulphuric  acid,  the  composition  of  the 
latter  is  such  as  to  make  it  more  comparable  with  that  of  the  mono- 
valent pcrchloranion  C104\  As  a matter  of  fact,  the  two  arc  isomor- 
phous,  and  if  potassium  perchlorate  is  allowed  to  crystallise  in  presence 
of  some  potassium  permanganate,  mixed  crystals  are  obtained  varying 
from  bright  to  dark  red  in  colour ; this  can  be  seen  with  especial  ease 
and  distinctness  under  the  microscope. 

Permanganic  acid  can  be  regarded  as  a partial  anhydride  of  hepta- 
mlent  manganese,  for,  Mn(OH)7  - 3H,0  = HMn04.  In  agreement  with 
what  was  set  forth  on  p.  344,  permanganic  acid  has,  accordingly,  to 
be  regarded  as  a higher  stage  of  oxidation  of  manganese  than  manganic 
acid,  and  must  therefore  be  formed  from  the  latter  by  means  of  oxidis- 
ing  agents.  As  a matter  of  fact,  the  transformation  takes  place  most 
smoothly  when  chlorine  is  passed  into  the  solution  of  the  manganate, 


for  the  following  reaction  then  takes  place:  2K,MnO,  + CL  = 2KMnO 

nTT'/Ai  nni.  , • . . - 4 


+ 


2KC1.  The  equation  of  the  ions  is,  2Mn04"  + Cl2  = 2MnO  ' + 2 Cl'. 
The  i eaction  therefore  consists  in  the  transfer  of  one  negative  charge 
from  MnO^  to  the  chlorine. 

In  the  tiansformation  of  the  manganates  into  permanganates  in 
icid  solution,  a portion  of  the  mangananion  acts  as  an  oxidising  agent, 
die  manganic  acid  being  reduced  to  manganese  peroxide. 

The  reaction  may,  for  example,  be  written  : 3K.,MnO,  + 4HNO  = 
KMn04  + 4KN03  + Mn02  + 2H.,0.  It  is,  however,  more  instructive 
^nte  Jt  so  as  to  show  only  the  reacting  ions.  We  then  have 


3MnO, 


+ 4H  2Mn04  + Mn02  + 2H.,0.  This  shows  that  hydrion  is 

. i 21  j 1 • -i  . , . _ J 


1 . , t z,  z ,,  K,  UU  Xij  V-U  lull 

ised  up  in  the  process,  and  this  explains  why  it  takes  place  in  acid 
olution. 


That  the  reverse  transformation  from  permangananion  to  mangan- 
•mon  takes  place  in  alkaline  solution  is  to  be  attributed,  on  the  one 
land,  to  the  consumption  of  hydroxidion,  which,  of  course,  takes  place 
.tore  easily  in  solution  containing  a large  quantity  of  hydroxyl.  The 
educing  action  which  is  at  the  same  time  necessary  is  probably 
xercised  by  organic  substances,  which  are  generally  present  dissolved 

MnO'^n  P°5™  in  accordance  with  the  equation 

4 + In02  + 40H  — 3Mn04  + 2H20,  permangananion  along  with 

2q 
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manganese  peroxide  can  change  into  mangananion  with  consumption  of  ; 
hydroxyl,  has  not  yet  been  sufficiently  investigated. 

In  contradistinction  to  manganic  acid,  permanganic  acid  is  very  j 
stable  in  acid  solution.  An  aqueous  solution  of  permanganic  acidJ 
can  be  obtained  by  decomposing  the  barium  salt  in  dilute  solution  with 
sulphuric  acid.  A red  solution  is  thus  obtained  which  looks  like  that,! 
of  any  permanganate  whatever,  and  which  conducts  electricity  like  an . 
equivalent  solution  of  hydrochloric  acid.  Permanganic  acid  is  there- 
fore a strong  acid,  whose  aqueous  solutions  are  largely  dissociated  even.i 
at  a moderate  dilution. 

Of  the  salts  of  permanganic  acid,  the  most  important  is  the- 
potassium  salt  already  mentioned,  as  it  is  not  very  readily  soluble  and  i 
crystallises  well,  and  can  therefore  easily  be  prepared  pure.  It  iai 
manufactured  on  the  large  scale,  and  in  recent  times  to  a large  extent* 
by  electrolytic  oxidation. 

Pure  permanganic  acid,  HMn04,  is  not  known,  but  its  anhydride,., 
Mn,07,  is.  It  is  obtained  as  a brown-green,  oily  liquid,  which  sepa-J 
rates  out  in  drops  by  carefully  adding  concentrated  sulphuric  acid  j 
to  dry  potassium  permanganate;  it  is  very  volatile.  Even  at  the- 
ordinary  temperature  it  is  converted  into  a red-violet,  readily  decom- 
posable vapour  which,  on  slight  provocation,  decomposes  with  explosion: 
into  oxygen  and  manganese  peroxide,  the  latter  floating  around  in  r] 
brown,  cobweb-like  flakes. 

The  permanganates  are  very  powerful  oxidising  agents,  and  are  used* 
as  such.  Fairly  large  quantities  are  used  in  the  chemical  industry; 
especially  for  the  oxidation  of  organic  substances.  To  the  same  pro- 
perty is  due  its  application  for  purposes  of  disinfection,  treatment  of 


wounds,  etc. 

The  mode  of  action  of  permangananion  in  oxidation  varies  accord- 
ing as  it  is  employed  in  acid  or  in  alkaline  solution.  In  the  former 
case  a manganous  salt  is  formed,  in  the  latter  manganese  peroxide.. 
Since  the  latter  is  a higher  stage  of  oxidation  than  dimanganion,  thesj 
oxidation  action  is  more  fully  taken  advantage  of  in  the  former  case- 

than  in  the  latter.  . . 

The  oxidising  action  is  so  powerful  that  almost  all  organic  sub- 
stances are  attacked  by  permanganate.  The  hydrated  manganese- 
peroxide  which  is  thereby  formed  separates  out  on  the  substances  and* 
colours  them  dark  brown.  On  account,  therefore,  of  the  resulting  e-< 
composition,  solutions  of  permanganates  must  not  be  filtered  through: 
paper  nor  kept  in  contact  with  indiarubber,  cork,  or  such  substances. 

* The  brown  coloration  can  be  readily  removed  by  means  of  sul- 
phurous acid  ; soluble  manganous  sulphate  is  thereby  formed  : Mn  + 

SO.,  = MnSO^1  f .1 , 

# The  same  reaction  also  takes  place  even  m the  absence  of  natei  J 


1 Iu  part,  also,  manganese  dithionate  is  formed  : Mn0,,  + 2S0.,-MnS.20,;  (cf-P- JW . 
the  latter  is  formed  chieily  when  crystalline  peroxide  is  used,  and  at  a low  temp 


XXVIII 


MANGANESE 


595 


it  is  therefore  made  use  of  in  order  to  remove  sulphur  dioxide  from  gas 
1 mixtures. 

The  solutions  of  the  permanganates  can  all  be  readily  identified  by 
§ their  fine  red-violet  colour.  On  examining  the  transmitted  light  by 
.«  means  of  the  prism,  five  fairly  sharp  absorption  bands  are  seen  lying 
between  the  yellow  and  the  green.  With  equivalent  solutions,  these 
bands  have  exactly  the  same  position  and  character  for  all  perman- 
ganates ; they  are  shown  also  in  exactly  the  same  way  by  free  per- 
manganic  acid.  This  proves  that  we  are  dealing  here  with  a definite 
property  of  permangananion,  Mn04',  which  remains  independent  of  the 
other  ion  present  at  the  same  time  in  the  solution.  Since  these  bands 
can  be  measured  with  great  exactness,  it  has  been  possible  in  this  case 
to  prove  the  identity  with  great  strictness. 

Potassium  permanganate  is  employed  in  analytical  chemistry.  For 
since  its  solutions  are  so  strongly  coloured  that  even  very  small 
i quantities  can  be  recognised,  a method  for  the  volumetric  determina- 
: tion  of  reducing  agents  has  been  based  on  the  fact  that,  on  oxidising 
' with  permanganate,  the  red  colour  disappears  so  long  as  reducing  sub- 
stance is  still  present.  So  soon  as  this  has  been  used  up,  even  a very 
slight  excess  of  permanganate  can  be  recognised  by  the  permanence  of 
the  red  coloration. 

This  method  is  chiefly  used  for  the  determination  of  iron,  since  in 
acid  solution  this  is  immediately  converted,  even  in  the  cold,  from 
diferrion  to  triferrion.  Since  the  manganese  in  passing  from  perman- 
gananion to  dimanganion  sinks  from  the  hepta valent  to  the  divalent 
iStage,  fix  e oxidation  units  are  available.  With  these,  five  combining 
weights  of  diferrion  can  be  oxidised  to  triferrion,  since  for  each  conn 
billing  weight  only  one  unit  is  necessary.  If  the  liquid  is  imagined 
acidified  with  sulphuric  acid,  the  equation,  when  written  in  the  usual 
manner,  runs:  10FeSO4  + 2KMn04  + 8H,S04  = 5Fe2(S04)3  + K2S04  + 
2MnS04  + 8H20.  Omitting  the  non-essential  ions,  we  obtain  the  much 
more  simple  equation  : 5Fe"  + MnO/  + 8H'  = 5Fe"'  + Mn"  + 4H.,0. 

The  determination  is  performed  by  placing  the  solution  of  per- 
manganate in  a burette  furnished  with  a glass  stop-cock  and  allowing 
t to  run  into  the  solution  of  the  ferrous  salt.  Since  the  method 
lepends  on  the  oxidation  of  diferrion  to  triferrion,  all  the  iron  which 
t is  desired  to  determine  must  be  present  as  diferrion.  In  order  to 
obtain . this,  or,  as . the  case  may  be,  to  make  sure  of  this,  the  acid 
•quid  is  treated  with  metallic  zinc,  whereby  any  triferrion  which  may 
)e  Present  converted  into  diferrion,  a corresponding  amount  of  zinc 
lassing  into  solution  : 2Fe  " + Zn  = 2Fe”  + Zn".  The  permanganate 

!s.  then  allowed  to  flow  into  the  solution  until  the  last  drop  gives  a 
'ink  coloration  to  the  liquid.  The  liquid  must  be  maintained  fairly 
rongiy  aeid,  as  a large  amount  of  hydrion  is  used  up  in  the  reaction, 
y rochlonc  acid,  however,  must  not  be  used,  since  this  is  partially 
- raised  to  chlorine,  and  too  much  permanganate  is  therefore  required. 
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* It  is  only  in  the  presence  of  iron  that  this  oxidation  of  hydro-; I 
chloric  acid  takes  place  in  sufficient  amount  to  cause  an  error  in  the  1 
analysis.  If  no  iron  is  present,  it  is  possible  even  to  warm  dilute, 
solutions  of  the  two  substances  without  appreciable  action  occurring- 
We  are  therefore  here  dealing  with  a case  of  catalytic  influence.  The 
presence  of  dimanganion  greatly  retards  the  oxidation  of  hydrochloric*, 
acid  by  permanganate  ; if,  therefore,  for  other  reasons,  iron  must  be  - 
titrated  with  permanganate  in  hydrochloric  acid  solution,  it  is  necessary 
to  previously  add  an  abundance  of  manganous  sulphate. 

Besides  being  used  for  the  determination  of  iron,  permanganate  is- 
chiefly  employed  for  the  titration  of  oxalic  acid  and  nitrous  acid.. 
The  former  thereby  passes  into  carbon  dioxide,  and  we  have  the* 
equation  5C204"  + 2Mn04'  + 1 GH'  = 1 0CO2  + 2Mn"  + 8H20.  In  this 
equation,  C.,04"  is  the  ion  of  oxalic  acid.  If  it  is  desired  to  write  tho. 
equation  with  respect  to  undissociated  oxalic  acid,  it  is  only  necessary, 
to  unite  the  corresponding  10H’  with  the  50204",  and  we  obtain 
5C,04H2  + 2MnO/  + 6H‘  = 10CO2  + 2Mn"  + 8H20.  In  the  actua 

state  of  affairs,  this  other  method  of  writing  the  reaction  makes  nd 

difference.  I 

This  method  is  used  not  so  much  for  the  determination  of  oxalic 
acid  (which  can  be  more  conveniently  determined  by  means  of  baryta)* 
as  for  the  estimation  of  oxalates,  e.g.  calcium  oxalate.  On  account 
of  the  great  sensitiveness  of  the  reaction,  much  smaller  quantities  oi 
calcium  oxalate  can  be  determined  with  permanganate  than  by  weigh- 
ing ; and  the  method  is,  therefore,  employed  where  as  accurate  a 
determination  as  possible  of  very  small  quantities  has  to  be  made.  I 

The  volumetric  determination  of  nitrous  acid  is  also  carried  out  in 
acid  solution,  and  takes  place  in  accordance  with  the  equation  2MnO/  + - 
5NO./  + 6H‘  = 2Mn"  + 5N03'  + 3H20.  The  reaction  does  not  take- 
place^  instantaneously,  and,  of  course,  occurs  all  the  more  slowly  as  the 
concentration  of  the  nitrous  acid  decreases  during  the  reaction. 

Finally,  the  use  of  permanganate  for  the  determination  of  man-! 
ganese  itself  in  the  form  of  dimanganion,  must  be  mentioned.  M hen 
the  two  ions  meet  in  feebly  acid  solution,  they  undergo  double  decomni 
position  to  manganese  peroxide,  which  is  deposited  as  a brown  precipi- 
tate. If  the  precipitation  is  carried  out  in  the  heat,  the  precipitate 
settles  sufficiently  quickly,  so  that  the  supernatant  liquid  at  once 
becomes  clear,  and  it  can  be  seen  whether  it  is  coloured  pink  btt 
excess  of  permanganate.  We  obtain  the  equation  of  the  reaction  i 
we  consider  that  all  the  manganese  is  converted  into  the  tetraia  en 
form.  Each  combining  weight  of  dimanganion  must  therefore  take  up 
two  units,  while  the  lieptavalent  manganese  of  permanganamon  can  gn£' 
up  three  units.  • Two  molecules  of  permangananion,  therefore,  react 
with  three  -molecules  of  dimanganion,  and  we  have  3Mn  : -- ln  i 


40H,  = 5Mn02+  2H20.  . . ..  . , 

Hydroxyl  is  therefore  used  up  in  the  reaction,  and  the  liquid 


would 
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become  acid  if  we  started  with  a neutral  solution.  In  strongly  acid 
solution  the  reaction  does  not  occur.  Further,  pure  manganese  peroxide 
is  formed  only  when  a base  is  present  which  can  combine  with  it  to 

form  a manganite  (p.  590).  All  these  conditions  are  fulfilled  if  the 

precipitation  is  carried  out  in  presence  of  an  excess  of  zinc  oxide. 

General  Remarks  on  Oxidising  and  Reducing  Agents. — 
All  oxidising  agents  can  (in  the  presence  of  water)  be  formally 
regarded  as  hydroxyl  compounds,  and  all  reducing  agents  as  hydrogen 
compounds  of  the  particular  elements.  The  formula?  of  these 
hydroxides  and  hydrides  are  chosen  such  that  they  arc  obtained  by 
the  addition  of  the  elements  of  water  to  the  various  substances.  In 
the  case  of  manganese,  for  example,  we  have  : — 

Manganous  series  Mn(OH)2  divalent 

Manganic  series  Mn(OH)3  trivalenl 

Manganese  peroxide  Mn02  + 2H20  = Mn(OH)4  tetravalent 
Mauganate  series  H2Mn04  + 2H20  = Mn(OH)6  hexavalent 

Permanganate  series  HMn04  + 3H20  = Mn(OH)7  heptavalent. 

As  an  example  of  a series  of  reducing  agents,  we  choose  the 
compounds  of  sulphur.  Taking  sulphuric  acid,  the  hydrogen  com- 
pound of  S04,  as  the  initial  substance,  we  have  the  following  formulae  : — 


In  order,  therefore,  to  oxidise  sulphuretted  hydrogen,  for  example, 
to  sulphuric  acid,  10-2  = 8 oxidation  units  must  be  taken  up.  If 
this  oxidation  is  to  be  carried  out  in  acid  solution  with  permanganate, 
whereby  dimanganion  is  formed,  there  are,  for  each  molecule  of 
permanganate,  7-2  = 5 oxidation  units  available,  and  since  8 and  5 
have  no  common  factor,  5 parts  of  sulphuretted  hydrogen  must  be  used 
to  8 parts  of  permanganate. 

In  order  to  complete  the  equation,  we  must  consider  that  the 
cations  produced,  viz.,  8 molecules  potassion  and  8 molecules  diman- 
ganion, require  together  24  equivalents  of  anion,  of  which  5 S yield 
only  10  as  S04  . Other  14  equivalents  of  some  acid  must  therefore 
ibe  added,  e.g.  7H2S04.  We  therefore  obtain  the  equation  5H0S  + 
BKMn04  + 7H2S04  = 8MnS04  + 4K2S04  + 12H90,  or,  leaving  out  the 
ions  which  remain  unchanged, 

5H2S  + 8Mn04'  + 14H‘  = 5S04"  + SMn"  + 12H,0. 

An  important  point  is  with  regard  to  the  alteration  of  the  acid  or 
>asic  condition  of  the  reaction  mixture  in  the  process,  for  in  general 
i-uch  a change  takes  place  in  oxidations,  and  we  have  to  ask  how  this 
s to  be  calculated.  The  answer  is  practically  contained  in  the  above 
examples,  still  it  may  be  useful  to  describe  the  method  in  detail.  It 


Sulphuric  acid 
Sulphurous  acid 
Sulphur 

Sulphuretted  hydrogen 


H2S03  + H20  = S04.H4 


' S + 4H;0  = S04.H8 
H..S  + 4H20  = SO4.H10. 


so4.h2 
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is  as  follows : Making  use  only  of  the  elements  of  water  besides  the 
reacting  substances,  one  examines  whether  after  writing  the  equation  i 
obtained  from  the  consideration  of  the  oxidation  values,  excess  of  acid  i 
or  excess  of  hydroxide  appears  on  the  right-hand  side.  If  from  this < 
point  of  view  we  write  the  equation  for  the  oxidation  of  sulphuretted,  I 
hydrogen  with  permanganate,  we  obtain— 

5H.2S  + 8KMn04  + 2H,0  = 4K2S04  + MnS04  + 7Mn(OH)2. 


Besides  the  neutral  salts,  therefore,  7Mn(OH),  are  formed,  i.e.  14 
equivalents  of  hydroxyl  remain  unsaturated,  and  as  many  equivalent.?- 
of  an  acid  must  therefore  be  added  in  order  that  the  same  acid  or  basic 
condition  may  be  produced  as  before  the  reaction. 

The  calculation  becomes  still  more  simple  in  the  following  way. 
From  the  practically  neutral  sulphuretted  hydrogen  the  dibasic  sulphuric 
acid  is  formed  • since  5IT2S  are  oxidised,  this  corresponds  to  an  increase 
of  the  acid  by  10  equivalents.  On  the  other  hand,  3 equivalents 
of  base  are  formed  from  the  neutral  permanangate,  viz.,  one  monovaleni 
potash  and  one  divalent  manganous  hydroxide.  The  8KMn04,  there 
fore,  make  the  reaction  mixture  more  basic  to  the  extent  3x8  = 24' 
equivalents.  Subtracting  the  10  equivalents  of  acid  from  this,  there! 
remains  a basic  excess  of  14  equivalents,  and  for  these  a correspond^ 
ing  amount  of  acid  is  necessary  in  order  to  maintain  the  condition 
unchanged. 

In  oxidation  and  reduction  processes,  therefore,  a change  in  the 
neutrality,  or,  more  generally,  in  the  acid  or  basic  condition,  geneiallyl 
occurs.  If  hydrion  is  used  up  in  the  reaction,  this  will,  in  accordance 
with  the  law  of  mass  action,  take  place  all  the  more  readily  the  morer 
hydrion  is  present,  or  the  more  acid  the  solution  is.  The  same  holds', 
crood  when  hydrion  is  not  used  up,  but  hydroxidion  is  formed.  For 
since  the  latter  unites  Avith  hydrion  to  form  neutral  Avater,  the  two 
processes  are  equivalent  in  the  presence  of  Avater.  If,  on  the  contiarj, 
hydrion  is  formed  in  the  process,  the  latter  will  take  place  better® 
the  presence  of  hydroxidion,  and  will  be  retarded  or  rendered  practical  y 
impossible  by  the  presence  of  hydrion.  In  both  cases,  indeed,  chemi  8 
equilibria  are  established.  Very  frequently,  hoAvever,  these  equilibria 
are  so  much  towards  the  one  side  of  the  reaction  equation  that  it  is 
not  possible  to  detect  the  presence  of  the  substances  on  the  other  side. 

An  example  of  this  is  afforded  by  the  transformation  of  mangan- 
anion  into  permangananiqn,  and  vice  versa  (p.  593).  Since  in  the  case  of. 
the  direct  change  hydrion  is  used  up,  corresponding  to  the  equation 
3MnO  " + 4H‘  = 2Mn04'  + Mn02  + 2H.,0,  the  transformation  will  be 
promoted  by  the  presence  of  hydrion,  and  the  solution  Avill  contain 
permanganate.  If  the  hydrion  is  decreased  by  the  presence  of  a large, 
amount  of  hydroxidion,  the  manganamon  is  stable.  Another  examp 
is  afforded  by  the  behaviour  of  iodine  in  presence  and  absence  oi 
hydroxidion.  Free  iodine  reacts  with  hydroxidion  to  form  mdaiuon 
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and  iodidion,  in  accordance  with  the  equation  3I2  + 60H'  = 51'  + IO,,'  + 
3H.,0.  In  this  reaction  much  hydroxidion  disappears,  and  the 
reaction  must  therefore  take  place  more  easily  when  it  is  present ; 
as  a matter  of  fact,  it  takes  place  in  alkaline  solution,  e.rj.  in  a solution 
of  caustic  soda.  If,  however,  hydrion  is  added,  the  reaction  is  reversed, 
and  elementary  iodine  is  again  set  free  : 51'  + I08'  + 6H‘  = 3I2  + 3H20. 

Complex  Compounds  of  Manganese. — Manganese  can  form 
with  cyanogen,  compounds  which  are  quite  similar  to  those  which  we 
have  already  discussed  in  detail  in  the  case  of  iron.  In  this  case  also 
we  have  the  two  series  of  compounds  derived  from  a tetravalent 
manganocyanidion,  Mn(CN)0"",  and  a trivalent  manganicyanidion, 
Mn(CN)6"',  and  both  are  obtained  in  a manner  similar  to  the  corre- 
sponding iron  compounds.  They  are  both,  however,  less  stable,  and 
the  manganicyanides,  more  especially,  through  their  readiness  to 
undergo  decomposition,  recall  the  salts  of  trivalent  manganese. 

Potassium  manganocyanide,  K4Mn(CN)0  + 3H20,  is  isomorphous 
with  potassium  ferrocyanide  and  crystallises  in  dark  blue  crystals, 
which,  however,  yield  an  almost  colourless  solution.  Potassium 
manganicyanide,  K3Mn(CN)6,  is  red,  and  is  isomorphous  with  potassium 
ferricyanide.  Its  aqueous  solutions  decompose  on  being  boiled,  the 
manganese  being  deposited  as  manganic  hydroxide. 
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General. — In  many  of  its  chemical  peculiarities  chromium  is  closely 
allied  to  the  metals  of  the  iron  group,  especially  to  iron  and  manganese. 
On  the  other  hand,  it  is  related  to  the  elements  molybdenum,  tungsten,  , 
and  uranium,  which  must  he  placed  in  the  last  group  of  metals,  so  that : 
chromium  could  be  grouped  just  as  well  with  them.  It  is  somewhat : 
arbitrary,  therefore,  in  which  group  it  is  placed ; that  it  is  here  classed  t 
in  the  iron  group  is  done  for  didactic  reasons. 

Chromium  is  closely  related  to  manganese  in  the  number  of  the 
series  of  compounds  which  it  forms.  Whereas,  however,  in  the  case 
of  manganese,  the  acids  corresponding  to  the  higher  stages  of  oxidation 
were  somewhat  unstable,  these  belong  in  the  case  of  chromium  to  the 
most  important  and  best-known  compounds. 

Chromium  forms  the  following  series  of  compounds  : — 

Salts  of  the  divalent  clicliromion,  Cr". 

Salts  of  the  trivalent  trichromion,  Cr’  ’,  and  complex  com- 
pounds derived  from  it. 

Chromium  trioxide,  Cr03,  and  acids  derived  from  it. 

Chromium  peroxide,  whose  composition  is  not  yet  known  with 
certainty. 

The  combining  weight  of  chromium  is  Cr  = 52 T. 

Metallic  Chromium  was  for  long  known  only  in  the  form  of  an 
impure  product  containing  carbon,  since  the  fusion  of  pure  chromium 
could  not  be  effected  on  account  of  its  high  melting  point.  By  the 
reduction  of  chromium  oxide  with  aluminium,  in  accordance  with  a 
general  method  given  by  H.  Goldschmidt,  very  pure  metallic  chromium 
is  now  manufactured  in  large  quantities.  It  is  used  in  the  iron  industry 
to  add  to  steel  (chromium  steel). 

* This  preparation  is  carried  out  by  mixing  chromium  oxide  with 
aluminium  powder,  both  carefully  dried,  and  initiating  the  reaction 
with  a small  quantity  of  the  mixture.  For  this  a very  high  tempera- 
ture is  necessary ; this  is  produced  by  mixing  aluminium  powder  with 
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I barium  peroxide,  forming  a pill  of  this,  and  sticking  a piece  of 
magnesium  ribbon  into  it.  If  the  magnesium  ribbon  is  ignited,  which 
can  be  done  with  a match,  the  combustion  of  the  aluminium  with  the 
oxygen  of  the  barium  peroxide  begins  ; the  mass  thereby  becomes  white 
hot,  and  initiates  the  reaction  in  the  neighbouring  portions  of  the 
chromium  mixture.  In  proportion  as  tin's  undergoes  transformation, 
more  of  the  mixture  is  added ; the  temperature  thereby  soon  rises  so 
high  that  the  chromium  fuses. 

* The  method  has  the  advantage  that  it  does  not  require  a specially 
i built  furnace,  but  can  be  carried  out  in  an  ordinary  crucible,  prefer- 
ably one  of  magnesia ; the  outside  of  the  crucible  becomes  only  slowly 
warm.  On  account  of  the  high  temperature  of  fusion  of  chromium, 

j the  preparation  of  the  fused  metal  is  successful  only  when  fairly  large 
quantities  are  employed,  but  then  with  ease. 

* A similar  method  is  used  for  preparing  other  metals,  and  also 
j for  the  production  of  very  high  temperatures.  In  the  latter  case  cheap 

oxides,  generally  iron  oxide,  are  used.  With  such  mixtures  fusions, 
j welding,  etc.,  can  be  carried  out  on  the  spot  with  great  ease  and 
centainty,  so  that  the  method  is  of  great  technical  importance. 

Chromium  is  a lustrous  white,  very  hard  metal,  the  melting  point 
of  which  is  about  3000°.  Its  density  is  6 '8.  It  remains  unchanged 
in  the  air ; even  at  a red  heat  it  becomes  only  slowly  coated  with  a 
thin  lajmr  of  oxide,  which  exhibits  the  colours  of  thin  , plates.  It  is 
i dissolved  by  dilute  hydrochloric  and  sulphuric  acids,  with  evolution  of 
hydrogen.  Nitric  acid  does  not  attack  it,  since  it  becomes  “passive” 
i in  that  acid. 

Chromium  passes  into  this  passive  state,  i.e.  ceases  to  be  attacked 
’by  acids,  even  by  lying  in  the  air.  The  metal  when  in  this  state  is 
not  attacked  at  the  ordinary  temperature  by  dilute  acids.  Treatment 
of  the  metal  with  strong  oxidising  agents  has  the  same  effect.  If  the 
passive  metal  is  allowed  to  lie  for  a fairly  long  time  under  acid,  or  if 
this  is  warmed,  dissolution  with  evolution  of  hydrogen  suddenly  com- 
mences. If  the  metal  is  used  as  an  anode  (p.  192)  in  dilute  acid,  it  is 
converted  by  weak  currents  into  its  lowest  compound,  a chromous  salt. 
If,  however,  the  strength  of  the  current  is  increased,  the  metal  suddenly 
begins  to  dissolve  in  the  form  of  its  highest  stage  of  combination  as 
chromic  acid.  The  passive  metal  likewise  becomes  active,  i.e.  becomes 
soluble  in  acids  when  it  is  touched  with  a piece  of  zinc  or  similar  metal 
under  acid. 

I An  explanation  of  these  remarkable  phenomena,  sufficient  in  all 
particulars,  has  not  yet  been  found. 

Chromous  Compounds.— Dichromion,  Cr",  is  coloured  blue,  and 
ias  a very  pronounced  tendency  to  pass  into  the  trivalent  trichromion. 
t is  a very  stiong  reducing  agent,  and  can  even  decompose  water  with 
solution  of  hydrogen.  The  chromous  salts  can,  therefore,  be  obtained 
Aire  only  with  difficulty,  and  in  aqueous  solution  cannot  be  long  kept 
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without  passing  into  chromic  salts.  They  are  most  easily  obtained  by 
dissolving  metallic  chromium  in  dilute  acids  ; they  can  also  be  prepared  i 
by  the  reduction  of  chromic  compounds  with  metallic  zinc.  From  the 
solutions  bases  precipitate  chromous  hydroxide,  Cr(OH)2,  as  a yellow 
precipitate,  which  in  the  moist  state  passes  into  chromic  oxide  with 
evolution  of  hydrogen,  and  is  oxidised  almost  immediately  in  the  air. 

From  the  solutions  of  the  chromous  salts  excess  of  sodium  acetate- 
precipitates  difficultly  soluble  chromous  acetate,  a dark-red,  crystalline; 
salt,  which  can  be  washed  and  dried  if  air  is  excluded  ; it  is  almost- 
the  only  fairly  stable  chromous  compound.  The  aqueous  solution, 
prepared  with  the  help  of  hydrochloric  acid,  is  used  for  the  absorption 
of  free  oxygen. 

By  igniting  chromic  chloride  ( vide  infra)  in  a current  of  hydrogen,, 
white,  difficultly  volatile  chromous  chloride,  CrCl2,  which  dissolves  in'; 
water  with  a blue  colour,  is  obtained. 

Chromic  Compounds. — Trichromion  is  violet  coloured,  and  in  its 
properties  is  most  nearly  related  to  aluminion  and  triferrion,  with; 
which  it  is  isomorphous.  It  has  also  a highly  developed  tendency  to 
form  complex  compounds  of  all  kinds,  some  of  which  are  violet,  some  • 
green. 

Chromic  hydroxide  is  obtained  as  a blue-green  precipitate  by  the  t 
action  of  ammonia  on  solutions  of  the  chromic  salts,  whereby  a smallu 
amount  of  the  salt  readily  passes  into  complex  ammonia  compounds,  a 
Chromic  hydroxide  precipitated  with  alkali  hydroxide  dissolves  in  i 
excess  of  the  precipitant  to  a fine  green-coloured  liquid,  in  which  the  - 
corresponding  alkali  chromite,  i.e.  a salt  of  the  anion  Cr(0H),0  , is 
contained.  The  solution,  however,  is  very  unstable;  a less  hydrated  < 
hydroxide  of  a green  colour,  which  is  less  soluble  than  the  one  directly  j 
precipitated,  separates  out  quickly  when  heated,  and  slowly  in  the  cold,  t 
Such  phenomena  have  already  been  discussed  in  the  case  of  beryllium^! 

and  aluminium.  . i j 

By  partial  dehydration  various  partial  anhydrides  are  obtained 
from  chromic  hydroxide.  One  of  these,  of  the  composition  Cr20(0H)4,  . 
is  used  as  a pigment  on  account  of  its  fine  green  colour.  On  ignition  ri 
chromic  oxide,  Cr203,  is  formed ; this  can  also  be  obtained  in  crystal- b 
line  form  by  the  decomposition  of  volatile  chromium  compounds.  Rl 
then  crystallises  in  the  form  of  corundum  (p.  551),  and  forms  black-! 
green,  lustrous  rhombohedra. 

Chromium  oxide  unites  with  oxides  of  divalent  metals  to  orm  e 
substances  of  the  type  of  spinel,  which  are  found  in  regular  crystals 
isomorphous  with  this  substance.  Of  such  compounds  by  ai  t 
most  important  is  chrome  ironstone,  a compound  of  chromium  oxi  e , 
with  ferrous  oxide,  FeCr204,  which  crystallises  in  black  octahecia, an  ■ 
is  the  compound  of  chromium  most  found.  Chrome  ironstone,  there- m 
fore,  forms  the  starting  substance  for  the  preparation  of  other  chioimumij 
compounds. 
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Of  the  salts  of  the  chromic  series,  avc  must  first  mention  the 
I.  chloride,  which  is  obtained  in  the  anhydrous  state  by  heating  chromium 
, oxide  and  charcoal  in  a current  of  chlorine.  It  sublimes  in  the  form 

iof  a fine  violet-red  (peach-blossom  red)  substance,  consisting  of  small 
lustrous  scales,  which  appear  to  be  insoluble  in  water.  On  very  long 
contact,  however,  some  passes  into  solution.  The  dissolution  takes 
j place  very  quickly,  Avith  appreciable  rise  of  temperature,  Avhen  some 
i chromous  chloride  is  added  to  the  water.  Other  strong  reducing 

I agents  have  a similar  action,  A sufficient  theory  of  this  acceleration 
has  not  yet  been  given. 

From  the  aqueous  solution  a green  salt  Avith  6H90  is  obtained, 
which  cannot  be  directly  converted  into  the  anhydrous  chloride,  since, 
like  the  chlorides  of  all  weak  bases,  it  loses  hydrochloric  acid  on  being 
heated.  The  green  solution  is  not  to  be  regarded  as  the  (partially 
hydrolysed)  normal  chloride  Avith  the  ions  Cr‘"  and  3CT,  for  on 
adding  silver  nitrate  only  frds  of  the  chlorine  present  is  precipi- 
; tated.  The  last  third  is  therefore  not  present  as  ion ; the  solution 
also  contains  free  acids.  The  chloride  of  a complex  divalent  cation 
containing  chromium  and  chlorine,  e.g.  CICr",  is  therefore  present. 
On  standing  for  a lengthened  period  in  dilute  solution,  the  green  colour 
of  the  solution  changes  to  violet,  and  at  the  same  time  almost  all  the 
chlorine  -can  be  precipitated  by  silver  nitrate.  This  corresponds  to  the 
formation  of  the  normal  chloride,  Avhich  is  accompanied  by  the  produc- 
tion of  the  violet  colour  belonging  to  trichromion.  On  concentrating 
iand  heating  the  solution  the  green  ion  is  again  chiefly  formed.  None 
of  these  reactions  are  complete,  and  to  each  temperature  and  con- 
centration there  corresponds  a definite  equilibrium  betAveen  the  tAvo 
forms.  A solution  containing  almost  solely  the  normal  salt  is  obtained 
by  dissolving  the  freshly  precipitated  chromic-  hydroxide  in  hydro- 
chloric acid. 

The  tAvo  chlorides  can  be  prepared  in  the  solid  state — the  normal 
one  by  the  crystallisation  of  the  solution  saturated  Avith  hydrogen 
■chloride  in  the  cold,  the  other  in  the  heat.  Both  salts  contain  6HA) ; 
the  normal  salt  is  grey-blue,  the  other  is  green. 

Chromic  Sulphate,  Cr2(S04)3,  exhibits  a similar  Arariety  of  be- 

fhaviour,  and  has  been  still  more  thoroughly  investigated.  From 
aqueous  solutions  the  salt  with  9H20  is  obtained,  and  its  solutions 
exhibit  the  violet  colour  of  the  normal  trichromion.  If  the  solid  salt 
•is  heated  till  it  has  lost  about  3H,0,  it  becomes  green,  and  the  solution, 
ammediately  after  being  prepared,  exhibits  a very  small  conductivity’ 
and  contains  therefore  scarcely  any  ions.  Its  conductivity  increases 
very  rapidly  ; but  barium  chloride  produces  no  precipitate,  which  shoAvs 
that  no  sulphanion  is  present.  On  the  contrary,  various  chromsulphuric 
fields,  or  their  chromic  salts,  are  formed. 

If  mixtures  of  chromic  sulphate  and  sulphuric  acid  in  various  pro- 
t portions  are  Avarmed,  substances  are  obtained,  the  aqueous  solutions  of 
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which  give  no  reaction  with  barion,  and  therefore  contain  no  SO/',  i 
Neither  do  they  exhibit  the  reactions  of  trichromion.  They  contain 
complex  chromsulphuric  acids.  The  amount  of  hydrion  which  they 
contain  corresponds  to  the  hydrion  of  the  sulphuric  acid  added.  In 
this  way  as  much  as  3H2S04  can  be  combined  with  Cr9(S04);j.  The, 
solutions  are  not  stable,  but  soon  decompose  into  their  components ; ; 
the  presence  of  the  ions  Cr‘"  and  S04"  can  then  be  detected. 

Chromic  sulphate  forms  a regular  alum,  chrome  alum,  with  potassium 
and  ammonium  sulphate;  this  cystallises  in  very  large  octahedra  of  a, 
dark  purple  colour.  If  a crystal  of  chrome  alum  is  suspended  in  a . 
saturated  solution  of  ordinary  alum  and  crystallisation  allowed  to  take-, 
place,  the  dark  octahedron  is  obtained  regularly  enclosed  in  a colourless  * 
one.  Such  regularly  zoned  crystals  are  also  a sign  of  isomorphism 
between  the  substances  which  can  form  them. 

Chrome  alum  is  generally  prepared  by  the  reduction  of  potassium!, 
bichromate  ( vide  infra) ; it  is  used  in  dyeing  and  for  man}'-  other  r 
purposes.  With  animal  glue  the  chromic  acid,  which  is  split  off  hydro-  ►! 
lytically,  forms  a compound  which  is  insoluble  in  hot  water ; it  has  > 
a “tanning”  action  on  the  glue.  Use  is  frequently  made  of  this - 
property. 

Sulphur  Compounds  of  chromium  cannot  be  prepared  in  the<‘ 
wet  way.  Sulphuretted  hydrogen  is  without  action  on  chromium  a 
salts,  and  with  ammonium  sulphide  chromium  hydroxide  is  precipitated,  ,> 
while  sulphuretted  hydrogen  escapes.  That  is  to  say,  the  hydrolysis  > 
of  chromium  sulphide  is  so  considerable  that  the  compound  cannot : 
exist,  but  decomposes  into  the  substances  which  are  formed  from  it  by  , 
the  action  of  water.  . 

At  a red  heat  anhydrous  chromium  sulphide  is  formed  from  the 
elements  in  the  form  of  metal-grey,  very  stable  ciystals. 

Chromic  Acids. — When  any  chromium  compound  is  heated  with 
strong  bases  or  their  carbonates,  they  absorb  oxygen  from  the  air  and 
form  salts  of  chromic  acid,  the  anion  of  which  has  the  composition 
Cr04",  and  is  divalent.  The  similarity  of  this  formula  to  that  of  : 
sulphanion  is  not  only  an  external  one ; the  two  anions  are  isomor- 
phous,  i.e.  their  salts  with  the  same  cation  have  the  same  form  and  i 
crystallise  with  one  another  in  varying  proportions. 

Chromanion,  Cr04 ',  is  of  a pure  and  strongly  yellow  colour,  and  all 
the  solutions  of  the  chromates,  therefore,  exhibit  this  colour.  The;* 
solubility  relations  of  the  chromates  agree  closely  with  those  of  the 
sulphates.  Thus,  the  alkali  metals  form  soluble  salts ; of  the  alkaline  f- 
earth  metals,  barium  forms  an  extremely  difficultly  soluble  salt,  and 
the  others  form  increasingly  more  soluble  salts.  Of  the  chromates  of  f 
the  heavy  metals,  that  of  lead  must  be  called  difficultly  soluble ; this  - 
also  agrees  with  what  we  have  in  the  case  of  lead  sulphate. 

Potassium  Chromate,  K2Cr04,  is  a salt  which  crystallises  in  » 
anhydrous  rhombic  crystals.  It  is  prepared  commercially  by  fusing 
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the  naturally  occurring  chrome  ironstone  with  potashes  with  access  of 
air.  From  the  aqueous  solution  it  is  usual  to  first  prepare  the  better 
crystallising  potassium  dichromate  ( vide  infra) ; from  this  the  normal 
chromate  can  be  obtained  by  adding  the  requisite  quantity  of  potassium 
hydroxide  or  potassium  carbonate. 

Potassium  chromate  is,  at  the  ordinary  temperatures,  a sulphur- 
yellow  salt ; on  being  heated  it  becomes  of  a bright  red  colour,  but  on 
cooling  again  assumes  its  yellow  colour.  We  are  here  dealing  with 
the  shifting  of  the  region  in  which  the  salt  absorbs  the  rays  of  white 
light  with  the  temperature  ; the  region  of  the  absorption  shifting,  with 
rise  of  temperature,  from  the  violet  (which  gives  the  complementary 
colour  yellow,  cf.  p.  12)  towards  the  green,  that  is  towards  the 
region  of  longer  wave  lengths. 

The  aqueous  solution  of  potassium  chromate  exhibits  an  alkaline 
reaction.  This  is  not  due  to  the  chromic  acid  being  a weak  acid  in 
the  true  sense,  but  is  due  to  the  great  tendency  of  the  chromates  to 
pass  into  salts  of  the  condensed  dichromic  acid,  whereby  a process 
similar  to  hydrolysis  is  effected.  For  if  any  acid,  even  a weak  one,  is 
added  to  the  solution  of  potassium  chromate,  a change  of  colour  from 
yellow  to  orange  occurs,  and  from  the  solution  another  potassium  salt 
crystallises,  the  composition  of  which  is  represented  by  the  formula 
K2Cr207.  It  is  therefore  the  potassium  salt  of  the  acid  II.,Cr007 
which  is  a condensed  acid,  i.e.  an  acid  formed  from  two  combining 
weights  of  chromic  acid  with  elimination  of  one  combining  weight  of 
water.  We  have  already  met  with  such  compounds  in  the  case  of  sul- 
phurous and  sulphuric  acids,  which  were  distinguished  as  “ pyro-acids  ” 
from  the  normal  ones.  The  corresponding  chromic  acid,  however,  is 
not  called  pyrochromic  acid  but  dichromic  acid. 

The  transformation  of  chromanion  into  dichromanion  takes  place 
according  to  the  equation  200/  + 2H  ' = Cr207"  + Ho0.  For  it, 
therefore,  hydrion  is  necessary,  and  the  reaction  accordingly  occurs  on 
acidifying  the  chromates,  which  contain  the  ion  OO/.  In  the 
solutions  of  the  normal  chromates  the  hydrion  of  the  water  is  used 
for  this  purpose ; for  this  reason  hydroxidion  remains  over  and  the 
solution  reacts  alkaline.  The  hydrolysis  which  occurs  here  differs 
from  ordinary  hydrolysis  (p.  247)  in  the  fact  that  in  this  case  a con- 
densed ion  is  formed  and  not  a neutral  compound. 

For  this  reason,  also,  a solution  of  chromic  acid,  HoCr04,  cannot 
exist,  since,  indeed,  the  hydrion  necessary  for  the  transformation  is 
present.  When  a concentrated  solution  of  potassium  dichromate  is 
treated  with  excess  of  sulphuric  acid,  chromium  trioxide,  CrO.,,  the 
anhydride  of  chromic  and  dichromic  acid,  separates  out  in  long, 
red,  needle-shaped  crystals,  which  are  readily  soluble  in  water  and 
exhibit  powerful  oxidising  actions.  The  aqueous  solution  of  chromium 
trioxide  does  not  have  the  bright  yellow  colour  of  chromanion  but 
the  orange  colour  of  dichromanion,  and  its  behaviour  also  with  regard 
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to  the  depression  of  the  freezing  point  and  electrical  conductivity, 
allows  only  of  the  view  that  it  contains  the  ions  Cr.,07"  and  2H‘. 

If  potassium  dichromate  is  mixed  with  potassium  hydroxide,  the 
solution  becomes  bright  yellow  and  contains  potassium  chromate,  i 
The  following  reaction  occurs  : Cr207"  + 20H'  = 2Cr04"  + H20.  This  > ] 
is  the  reverse  of  the  reaction  just  given,  and  occurs  under  the  influ-' 
ence  of  hydroxidion.  Dichromanion,  therefore,  cannot  exist  in  any. 
considerable  quantity  in  presence  of  hydroxidion,  any  more  than 
chromanion  can  in  presence  of  hydrion. 

At  the  present  day  chromium  trioxide  is  placed  at  a cheap  price 
on  the  market,  since  it  is  greatly  used  for  galvanic  cells  and  as  an 
oxidising  agent  in  the  chemical  industry,  and  since  its  ready  solubility  * 
allows  of  more  concentrated  solutions  of  it  being  prepared  than  of  i 
potassium  dichromate,  which  was  formerly  employed.  Even  on  being: 
heated  it  loses  a part  of  its  oxygen  and  passes  into  chromium  oxide. 
The  change  takes  place  more  easily  in  presence  of  acids,  especially 
sulphuric  acid,  which  form  a corresponding  chromic  salt.  This  holds  - 1 
good  also  for  the  application  of  chromium  trioxide  as  an  oxidising, 
agent.  Hydrochloric  acid  evolves  not  oxygen  but  chlorine,  being  d 
itself  oxidised. 

Potassium  Dichromate  is  a red -coloured  salt  which  reacts 
almost  neutral ; in  its  solution,  therefore,  the  presence  of  an  acid  : 
chromate  is  not  to  be  assumed.  It  readily  fuses  to  a dark  liquid  i 
which  on  cooling  undergoes  crystallisation  and  falls  to  a powder.  It  : 
is  moderately  soluble  in  water  ( 1 : 1 6,  at  room  temperature);  it 
crystallises  anhydrous.  r 11 

When  potassium  dichromate  and  sulphuric  acid  are  used  for 
oxidation  purposes,  chrome  alum  is  formed : K.,Cr.,07  + 4H2S04  = 
2KCr(S04)2  + 4H20  + 30. 

The  corresponding  sodium  salts,  sodium  chromate  and  sodium 
dicliromate,  replace  the  potassium  salts  at  the  present  time  in  its 
applications,  since  they  can  be  manufactured  more  cheaply  than  the 
latter,  by  the  fusion  of  chrome  ironstone  with  soda  (and  lime,  to 
facilitate  the  reaction).  The  normal  chromate  crystallises  with  1011,0 
in  the  forms  and  possessing  the  general  solubility  relations  of  Glauber’s 
salt  (p.  482) ; the  dichromate  crystallises  with  2H20. 

Of  the  other  chromates,  barium  chromate  may  be  mentioned. 
This  is  obtained  as  a bright  yellow  precipitate  when  the  ions  Ba"  and 
O04"  come  together  in  solution.  The  salt  is  very  stable,  withstands 
a red-heat  without  decomposition,  and  is  therefore  used  as  a yellow 
pigment  for  painting  porcelain. 

Barium  clichromate  is  not  known  in  the  pure  form,  but  its  exist- 
ence in  solution  can  be  gathered  from  the  known  facts.  If  the  ions 
Ba"  and  O207"  are  brought  together  in  solution,  barium  chromate 
and  not  the  corresponding  salt  is  formed,  and  the  solution  becomes 
acid.  The  precipitation  is  not  complete,  since,  for  example,  if  equivalent 
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i quantities  of  barium  chloride  and  potassium  dichromate  are  used,  about 
h third  of  the  barium  remains  in  solution,  and  the  latter  has  the 
orange  colour  of  dichromanion.  The  cause  of  this  is  that  in  the 
. solution  of  dichromate,  cliromanion  is  also  present,  being  formed  in 
very  small  amount  by  the  transformation  of  dichromanion  into 
chromanion  through  the  interaction  with  water  : Cr207"  + H20  = 
i 2Cr04"  + 2H  \ This  reaction  is  the  reversal  of  thaJt  given  on  p.  COS  ; 
since  it  is  a case  of  chemical  equilibrium,  none  of  the  possible  reactions 
can  be  complete,  but  at  the  end  all  the  substances  concerned  in  the 
equilibrium  must  be  present.  By  precipitation  as  barium  chromate 
the  chromanion  is  removed  for  the  solution,  a fresh  amount  is  formed 
which  is  also  precipitated,  and  so  on.  That  all  the  dichromanion  does 
not  pass  into  chromanion  is  due  to  the  fact  that  hydrion  is  produced 
at  the  same  time,  as  the  above  equation  shows.  The  amount  of  this 
increases  as  the  reaction  proceeds,  the  stability  of  the  chromanion  is 
thereby  diminished,  that  of  the  dichromanion  is  increased,  and  finally 
i equilibrium  must  be  established.  In  the  solution  dichromanion  and 
barion  exist  side  by  side  without  being  precipitated,  which  proves 
that  barium  dichromate  is  a readily  soluble  compound.  The  cause  of 
the  conversion  of  dichromanion  into  chromanion  is,  therefore,  in  the 
present  case,  the  difficult  solubility  of  barium  chromate.  Since  these 
considerations  evidently  hold  good  universally,  every  caticui  that  forms 
a difficultly  soluble  chromate  will  precipitate  this  from  solutions  of 
the  dichromates.  This  is,  as  a matter  of  fact,  the  case,  e.g.  lead. 

The  oxidising  action  of  chromic  acid  can  be  made  use  of  for  its 
quantitative  determination  by  employing  it  to  liberate  iodine  from 
hydrogen  iodide,  or,  in  other  words,  to  convert  iodidion  into  iodine. 
The  reaction  is 


Cr207"  + 14H‘  + 6T  = 2CF”  + 7H20  + 3I2, 

in  which  6 equivalents  of  some  anion  must  be  added  to  both  sides  in 
order  to  make  the  equation  complete.  From  this  it  can  be  seen  that 
a large  amount  of  hydrion  is  used  up  in  this  reaction,  which  is  possible, 
therefore,  only  in  presence  of  much  acid.  For  one  combining  weight 
of  chromium  three  combining  weights  of  iodine  are  set  free  ; by  means 
of  thiosulphate  (p.  488)  the  amount  of  the  latter  can  easily  be 
accurately  determined. 

Sensitive  Chromate  Mixtures.— Although  the  chromates  alone 
are  not  to  any  great  extent  sensitive  to  light,  they  become  so  in  a 
very  high  degree  when  they  are  in  contact  with  reducing  substances, 
e.g.  organic  matter  like  paper,  indiarubber,  glue,  etc.  And  this 
sensitiveness  is,  strange  to  say,  greater  in  the  case  of  the  dry  mixtures 
than  when  these  are  moist.  On  this  property  a large  number  of 
^photographic  and  photo-mechanical  methods  depend,  some  of  which 
•^rnay  be  mentioned  here. 

A mixture  of  glue  and  a soluble  chromate  on  exposure  to  light 


608 


PRINCIPLES  OP  INORGANIC  CHEMISTRY 


CHAl' 


acquires  the  property  that  the  glue  becomes  insoluble.  This  is  due  t<  j I 
the  fact  that  the  chromic  acid  is  reduced  to  chromium  oxide,  whicl  \ 
forms  an  insoluble  compound  with  the  glue  (p.  604).  If  som<  < 
colouring  matter  is  added  to  the  above  mixture,  and  paper  is  coatee  . j 
with  this  and  exposed  to  light  under  a transparent  picture,  the  coating 
becomes  insoluble  at  those  parts  on  which  the  light  has  been  able  t<*-. 
act,  while  it  remains  soluble  at  the  parts  where  the  opaque  portions  o 
the  picture  were.  If  the  prepared  paper  is  treated,  after  the  exposure-, 
with  warm  water,  the  coating  is  dissolved  at  those  parts  where  it  wat • 
protected  from  the  action  of  light,  while  the  colour  remains  at  the . 
exposed  parts.  In  order  to  obtain  a picture,  therefore,  in  its  propej 
relations,  a “ negative  ” must  be  used,  i.e.  a transparent  picture  ii 
which  the  dark  parts  are  transparent  and  the  bright  parts  opaque 
Such  pictures  are  obtained  by  the. ordinary  photographic  method  witl 
silver  salts  (Chap.  XXX Y.). 

Another  method  depends  on  the  fact  that  a mixture  of  glue  and: 
chromate  acquires  at  the  exposed  parts  the  property  of  taking  on; 
the  oily  printing  colour,  while  the  non -exposed  portions  (after  the.; 
treatment  with  water)  are  not  coloured  by  this.  If,  therefore,-, 
the  printing  colour  is  rolled  over  such  a picture  and  a white  papei  \ 
placed  on  it,  a print  is  obtained  in  which  the  exposed  parts  are  again; 
dark  and  the  unexposed  bright. 

If  a metal  plate  is  coated  with  the  chromate-glue  mixture,  and  the- 
part  remaining  soluble  after  exposure  removed  with  warm  water,; 
the  exposed  metal  can  be  deeply  etched  by  pouring  acid  on  it.  In; 
this  way  blocks  for  printing  are  obtained. 

Thes6  examples  do  not  exhaust  the  whole  of  the  possibilities,  but ; 
we  must  refrain  from  further  details.  j 

Chromyl  Chloride  and  Chlorochromic  Acid.— The  similarity 
of  chromic  acid  to  sulphuric  acid  is  further  exhibited  by  the  fact  that; 
it  can  form  the  two  chlorides  which  can  be  derived  from  the  acid  by 
the  replacement  of  hydroxyl  by  chlorine. 

By  distilling  a mixture  of  potassium  dichromate  and  sodium 
chloride  with  sulphuric  acid,  chromyl  chloride,  Cr02Cl2,  is  formed  as* 
a red  liquid,  similar  to  bromine,  which  boils  at  118  , and  has  an* 
appreciable  vapour  pressure  even  at  the  ordinary  temperature.  AsJ 
the  substance  is  very  sensitive  to  water,  the  water  formed  in  the* 
reaction  must  be  bound  by  using  acid  containing  anhydride,  or  fuming 

acid.  . , 1 

Chromyl  chloride  decomposes,  after  the  manner  of  the  aciai 

chlorides,  into  chromic  acid  and  hydrogen  chloride  : 

Cr02Cl2  + 2H  20  = H2Cr04  + 2HC1. 

The  monochloride  of  chromic  acid  corresponding  to  chlorosulphunc 
acid  is  not  known,  but  salts  of  chlorochromic  acid  are  known.  _ The  J 
state  of  affairs  is  therefore  exactly  the  reverse  of  that  obtaining  in  then 
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! case  of  sulphuric  acid,  where  the  free  acid  is  known  but  not  the  salts. 
Potassium  chlorochromate,  KCrOgCl,  is  obtained  as  an  orange, 
anhydrous  salt  by  crystallising  potassium  dichromate  from  a strong 
solution  of  hydrochloric  acid:  K2Cr207  + 2HC1  = 2KCr03Cl  + H20. 
On  recrystallising  from  pure  water,  it  again  decomposes  into  hydro- 
; chloric  acid  and  potassium  dichromate.  On  being  heated  it  evolves 
i chlorine. 

* The  formation  of  chromyl  chloride  is  used  for  the  detection  of 
j chloridion  in  presence  of  bromidion  and  iodidion.  On  distilling  the 
salts  in  question  with  potassium  dichromate  and  fuming  sulphuric 
acid,  chlorine  passes  over  as  chromyl  chloride,  while  bromine  and 
iodine  distil  over  in  the  free  state.  The  distillate  is  treated  with 
ammonia,  whereby  chromyl  chloride  yields  a yellow  solution  of 
| ammonium  chromate,  while  bromine  and  iodine  dissolve  to  a colourless 
solution. 

A chromyl  fluoride,  Cr02F2,  a red,  very  volatile  liquid,  is  also 
■ known ; similarly  to  the  chloride,  it  is  obtained  by  the  distillation  of 
ia  chromate  with  fluor-spar  and  fuming  sulphuric  acid.  It  is  very 
rapidly  decomposed  by  water. 

Perchromic  Acid.  By  this  name  a higher  stage  of  oxidation  of 
chromium  is  designated,  which  is  formed  by  the  action  of  hydrogen 
i peroxide  on  an  acid  solution  of  dichromic  acid.  The  solution  at  once 
'becomes  blue;,  the  coloration,  however,  is  not  stable,  for  in  a short 
time  oxygen  is  evolved  and  a chromic  salt  is  left  in  the  solution. 
The  phenomenon  can  be  made  to  last  longer  by  shaking  out  the  blue 
liquid  with  ether;  the  blue  substance  then  passes  into  the  ether,  in 
which  it  keeps  much  longer. 

The  composition  of  this  blue  compound  has,  it  is  true,  been 
determined,  but  the  relations  which  are  met  with  in  this  reaction 
have  not  been  sufflciently  explained  in  order  to  be  treated  here. 

Since  the  blue  coloration  becomes  visible  with  even  very  small 
quantities  of  hydrogen  peroxide,  an  acidified  solution  of  a chromate 
can  used  as  a reagent  for  hydrogen  peroxide. 
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Cobalt  and  nickel  are  two  metals  allied  to  iron,  and  similar  to  it  ass 
far  as  the  compounds  of  the  ferrous  series  are  concerned,  hut  the. 
compounds  corresponding  to  the  ferric  series  are  unstable  or  unknown.! 
These  metals,  further,  share  with  iron  the  property  of  being  markedly v 
magnetic,  and  they  also  accompany  iron  in  meteorites.  Their  occur- 
rence in  nature  is  not  exactly  rare,  but  they  are  much  more  sparingly;, 
distributed  than  iron.  They  occur  chiefly  as  constituents  of  complex* 
sulphur  and  arsenic  compounds,  and  from  these  they  are  obtained  byy 
first  of  all  being  freed  from  the  sulphur  and  arsenic  by  roasting,  i.e.- 
exposure  to  the  oxidising  action  of  the  air  at  a high  temperature,^ 
whereby  they  pass  into  the  respective  oxides.  These  oxides  are; 
separated  from  one  another  in  the  wet  way  by  the  fractional  pre- 
cipitation of  the  salts  prepared  from  them. 

The  two  elements  are  grey  or  yellowish-ivhite  metals,  the  melting^ 
point  of  which  is  very  high,  although  lower  than  that  of  pure  iron. 
They  are  hard  and  tenacious  metals,  which  take  on  a very  fine  polish ; 
they  remain  almost  unchanged  in  the  air,  and  have  a fairly  consider- 
able technical  value.  , , 

The  two  elements  form  divalent,  elementary  ions ; further,  they 

have  a great  tendency  to  form  complex  ions  of  all  kinds  In  the  cases 
of  cobalt,  more  especially,  an  extraordinary  wealth  of  different  com-e 
pounds  exists,  these  being  chiefly  compounds  with  nitrogen  m its  various, 
forms  of  combination,  cyanogen,  ammonia,  and  the  oxygen  compounds. 

The  combining  weights  of  these  elements  have  been  determined  bv 
the  analysis  of  their  halogen  compounds,  and  have  been  found  to  bej 

C ° Metallic  Cobalt  can  be  easily  obtained  as  a powder  by  heatmgjj 
the  oxide  in  a current  of  hydrogen.  In  fused  masses  it  is  most  easily 

obtained  by  reduction  with  aluminium,  according  to  the  method^* 

Goldschmidt.  It  is  a tenacious  metal,  which  can  be  readily  Pollsh^j 
and  which  exhibits  a high  lustre.  In  the  metallic  state  it  has  as  y 
found  no  application  in  the  arts. 
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In  most  acids  it  dissolves  only  very  slowly,  with  evolution  of 
hydrogen,  but  dissolves  readily  in  nitric  acid.  The  solutions  which 
arc  formed  are  coloured  red,  irrespective  of  the  nature  of  the  acid ; it 
is  to  be  concluded  from  this  that  the  red  colour  is  due  to  cobaltion. 
The  cobaltion  contained  in  the  salts  is  divalent,  and  in  its  general 
behaviour  is  similar  to  diferrion. 

U ith  alkalis,  its  salts  yield  a blue-violet  precipitate  of  cobalt 
| |ydi oxide,  Co(OH)2,  which  is  converted  into  its  anhydride,  green 
cobaltous  oxide,  CoO,  on  being  heated  out  of  contact  with  oxygen, 
t At  a red-heat  it  takes  up  oxygen  from  the  air,  and  an  oxide,  Co.,0,, 
corresponding  to  magnetic  iron  ore,  is  formed,  which  is  again  converted 
j into  the  monoxide  at  a white  heat. 


Cobalt  hydroxide  does  not  dissolve  in  excess  of  alkalis  (except  in 
traces,  when  the  solutions  are  very  concentrated),  but  readily  does  so 
m solutions  of  ammonium  salts.  The  reaction  is,  in  the  first  instance, 
similar  to  that  in  the  case  of  magnesium  hydroxide;  but  if  a large 
excess  of  ammonia  is  added,  the  red  colour  changes  to  a yellow-brown 
which  shows  that  a new,  complex  compound  has  been  formed.  If  the 
liquid  is  diluted  with  much  water,  blue  cobalt  hydroxide  separates  out 
as  a floccu lent  precipitate.  As  in  the  case  of  manganese,  the  am- 
momacal  solution  absorbs  oxygen  from  the  air,  whereby  complex  salts 
are  foimed  which  will  be  mentioned  later 

Of  the  salts  of  cobalt,  cobalt  nitrate,  Co(N03).2,  is  the  best  knot™  ■ 

; : , i'  y .solllble  saIt  crystallising  with  6H.O,  and  is  used  in 

analytical  chemistry. 

Cobalt  Chloride,  CoCl2 . 6H20,  is  also  readily  soluble.  It  forms  a 
large  number  of  lower  hydrates,  of  which  the  less  hydrated  forms  are 
of  a blue  colour.  The  concentrated  aqueous  solutions,  also,  which  are 
led  in  the  cold  exhibit  a blue  colour  when  heated.  This  occurs  still 
more  readily  when  the  solution  contains  a large  amount  of  chloridion 

is  thntf011H  °f  Chl°nde  or  hydrochloric  acid.  The  cause  of  this 

is  that  under  these  circumstances  the  cobaltion  is  converted  into  the 
iindissociated  salt,  the  less  hydrated  forms  of  which  are  coloured  blue 

uid  cobah  Pfen7en0n  was  formerIy  regarded  as  a great  curiosity 
nd  cobalt  chloride  was  used  as  a “sympathetic  ink.”  For  on  writing 

°f  thiS  SA  the  pale-red  traci^  are  s£5? 

nd  fhl  K T Vy  Sfcate-  0n  heati"g  the  paper,  however 

-nd  thereby  converting  the  salt  into  the  less  hydrated  form  the  blue 
olour  appears  very  distinctly.  ’ W 

’ Textlle  material  ““'stoned  with  a concentrated  solution  of  the 
assumes  various  colours  when  exposed  to  the  air  according  to 
amount  of  moisture  in  the  latter.  In  dry  air  it  H 
fcf  PfIe  !■?!  “ *■»  i-tormediate  states,  vfolet  c ours  apU" 
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* These  properties  do  not  belong  exclusively  to  the  chloride  of 
cobalt ; they  are  also  more  or  less  markedly  exhibited  by  the  other 
salts  The  anhydrous  salts  of  cobalt  are  all  coloured  blue. 

Cobalt  sulphate,  CoS04 . 7H20,  usually  crystallises  in  the  forms  of 
ferrous  sulphate  j as  in  the  case  of  the  other  vitriols,  salts  of  various , 
forms,  sometimes  also  with  different  amounts  of  water  of  crystallisa- 
tion, are  obtained,  according  to  the  temperature.  W ith  potassium 
and  ammonium  sulphate,  monoclinic  double  salts  with  6H20,  of  thei 
type  which  has  already  been  mentioned  several  times,  are  formed. 

Cobalt  Silicates. — When  glass  is  fused  with  cobalt  compounds,' 
dark  blue  fusions  are  obtained,  the  colour  of  which  is  due  to  cobalt 
silicate.  Even  in  comparatively  small  amount,  this  substance  imparts 
a blue  coloration  to  glass  (as  also  to  the  borax  and  metaphosphate 
bead)  ; the  transmitted  light  is  found  to  be  composed  of  blue  together 
with  violet  and  red,  while  the  intermediate  rays  (orange,  yellow,  andd 
Green)  are  very  completely  absorbed.  To  this  property  is  due  the  use  j 
of  cobalt  glass  for  the  detection  of  the  potassium  flame  in  presence  of! 

that  of  sodium.  „ , ..  J 

In  the  arts,  use  is  made  of  the  above  property  for  the  production 

of  blue  glass,  and  also  of  blue  pigments  for  porcelain,  as  well  as  of 
other  blue  colours.  The  finely  powdered  cobalt  glass  is  used  as  a 
pigment  under  the  name  of  smalt  or  “cobalt,  and  is  distinguished  byj 
its  very  great  resistance  to  chemical  influences..  As  a pigmen  i 
porcelain,  more  or  less  pure  cobaltoso-cobaltic  oxide  is  generally  usejl 
which  passes  into  cobalt  silicate  with  the  silicates  of  the  glaze.  0 
Zt  of  the  other  colours,  this  one  has  the  advantage  that  it  * 
stands  the  high  temperature  of  the  porcelain  furnace,  and  can  there-* 
fore  be  painted  on  under  the  glaze,  whereas  the  ess  stable  colouiw 
must  be  burned  on  the  glaze  at  a gentle  heat  after  the  object  has  bee  i 

made,  and  are  therefore  not  so  durable.  . . , ll 

Cobalt  Sulphide,  CoS,  is  obtained  as  a black  precipitate  o 

adding  ammonium  sulphide  to  solutions  of  cobalt  salts  ; the 
is  also  produced  on  passing  sulphuretted  hydrogen  into  a . solution : of 
cobalt  salt  to  which  exeess  of  sodium  acetate  has  been  added.  If  thd 
solution  is  strongly  acid,  i.e.  if  it  contains  hydnon  in  considerable  CO.*. 

“"ZZ  «£*£  l—Zhich  have  similar  solubih^  , 
lations  readily  re-dissolve  in  dilute  solutions  of  strong  acids  (cf.  zinc 
suTpSe  when  once  formed  is  found  to  be  insoluble 
The  explanation  of  this  remarkable  phenomenon  is  probably  this,  th  • 
the  SS  ^tor  being  formed,  at  once  undergoes  a change 

state’  whereby  it  becomes  less  soluble.  This  behaviour  ran  be  wd 

made  use  of  for  analytical  purposes,  since  m this  way 1 
(which  has  a similar  behaviour)  can  be  separated  from  the 
sulphides  which  do  not  exhibit  the  above  peculian  y. 

&U  Other  Cobalt  Compounds.-On  igniting  any  cobalt  salt  mtH 
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(excess  of  alumina,  a fine  blue -coloured,  unfused  mass  is  produced, 
which  is  also  used  as  a pigment.  This  reaction  is  made  use  of  for 
the  detection  of  alumina  with  the  blow-pipe.  With  zinc  oxide  a mass 
of  a strong  green  colour  is  produced. 

A higher  oxide  of  cobalt,  Co203,  corresponding  to  ferric  oxide, 
is  obtained  by  gently  igniting  cobalt  nitrate ; the  corresponding 
hydroxide  is  obtained  by  the  action  of  strong  oxidising  agents,  such 
■ as  sodium  hypochlorite,  on  cobaltous  hydroxide.  This  hydroxide, 
i however,  forms  no  stable  salts,  although  solutions  of  cobaltic  salts, 
i among  others,  are  obtained  on  subjecting  cobaltous  salts  to  the  oxidis- 
I ing  action  of  an  electric  current  at  an  anode  of  platinum.  These  salts 

Iare  distinguished  by  a fine  dark-green  colour,  but  undergo  hydrolytic 
dissociation  to  a large  extent. 

Complex  Salts  of  Cobalt. — From  cobalt,  two  series  of  cyanogen 
compounds  are  in  the  first  instance  derived,  corresponding  to  the  two 
series  of  iron-cyanogen  compounds.  Thus,  there  is  a tetravalent  cobalto- 
cyanidion,  Co(CN)6"",  and  a trivalent  cobalticyanidion,  Co(CN)6'", 
and  derivatives  of  these.  Of  the  two,  the  second  is  by  far  the  more 
stable. 

From  cobaltous  salt  and  potassium  cyanide  a red  solution  is  pro- 
duced in  the  cold,  and,  by  special  precautions,  a violet  salt  can  be 
obtained  from  this  similar  to  potassium  ferrocyanide.  On  being 
heated,  the  solution  becomes  colourless,  passing  into  the  cobaltic 
compound  with  decomposition  of  the  water  and  evolution  of  hydrogen, 
and  on  evaporation  the  colourless,  very  stable  potassium  cobalti- 
cyanide,  K3Co(CN)6,  is  obtained  ; from  this  the  hydrocobalti cyanic  acid, 
H3Co(CN)6,  which  is  also  exceedingly  stable,  can  be  obtained  in  the 
form  of  colourless,  acid,  readily  soluble  needles. 

Another  complex  salt,  the  formula  of  which  has  a certain  similarity 
to  the  one  just  described,  is  obtained  by  mixing  a solution  of  a cobalt 
salt  -with  potassium  nitrite  and  adding  acetic  acid.  The  red  colour  of 
the  solution  disappears  and  gives  place  to  a yellow ; after  some  time 
all  the  cobalt  is  then  present  in  the  form  of  a yellow,  crystalline  salt, 
'which  is  deposited  as  a heavy  powder.  The  salt  is  very  difficultly 
soluble  in  its  mother  liquor,  so  that  very  small  amounts  of  cobalt  can 

Inn  this  way  be  precipitated  and  detected.  The  reaction  is  of  especial 
value  from  the  fact  that  it  is  not  given  by  nickel,  although  in  almost 
all  other  reactions  the  latter  agrees  with  cobalt. 

. . The  salt  is  found,  by  analysis,  to  have  the  composition  K3Co(NO  ) 
it  is  the  potassium  salt  of  the  trivalent  cobaltinitrosion,  Co(NO 
his  salt  is  distinguished  from  the  analogously  constituted  cobalti- 
cyamdion  by  its  much  smaller  degree  of  stability,  for  it  is  not  known 
is  an  acid,  but  only  in  its  normal  salts. 

Cobalt-ammonia  Compounds.— When  excess  of  ammonia  is 
laded  to  cobalt  salts  and  the  solutions  which  are  formed  exposed 
•o  the  actlon  of  oxidising  agents,  e.g.  of  the  atmospheric  oxygen,  very 

' 
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varied  compounds  arc  produced,  the  empirical  composition  of  which  is 
one  combining  weight  of  cobalt  salt  plus  three  to  six  combining  A 
weights  of  ammonia.  Expressed  in  formulae,  therefore,  the  com- 
position of  the  chlorides,  for  example,  would  be  CoCl2  . nNH3,  where  n 
is  equal  to  3,  4,  5,  or  6.  These  salts,  however,  do  not  behave  at  all  ij 
like  cobalt  salts,  for  they  are  mostly  very  stable  and  do  not  give  the ' 
ordinary  reactions  of  cobalt,  but  special  reactions  which  differ  essenti- 
ally in  the  different  series ; they  are,  therefore,  salts  of  new  cations  > 
consisting  of  cobalt  and  the  elements  of  ammonia.  They  could,  then, 
in  the  first  instance,  be  regarded  as  compounds  of  new,  trivalent 
cations,  having  the  composition  Co(NH3)re'".  In  opposition  to  this, 
however,  is  the  fact  that  the  anions,  also,  which  are  contained  in  the 
salts,  do  not  always  exhibit  the  reactions  of  these  ions,  so  that  the 
further  conclusion  must  be  drawn  that  the  elements  of  the  anions  are 
also  partially  contained  in  the  complex  cation. 

The  following  rule  affords  a survey  of  the  various  compounds  > 
which  exist  here.  The  cobalt  in  these  compounds  is  regarded  as  s 
nonavalent  and  the  ammonia  as  divalent.  The  compounds  can  then  be 
so  formulated  that  the  non-ionisable  anions  are  united  directly  with  the  < 
nonavalent  cobalt,  while  the  ionisable  anions  appear  indirectly  united  i 
with  the  cobalt  by  means  of  the  ammonia.  To  this  the  empirical  rule  e 
has  to  be  added  that  there  are  never  more  than  three  equivalents  of  i 
anion  united  (directly  or  indirectly)  ’with  one  mole  of  cobalt.  From: 
this  we  obtain  the  following  possibilities  : — 

Trivalent 

Divalent 

Monovalent  . 

Avalent 

For  the  purpose  of  better  distinguishing  the  ionisable  anions  from 
the  non-ionisable,  the  former  are  denoted  by  D,  the  latter  by  U. 

The  above  cases  become  still  more  diverse  from  the  fact  that  not  4 
only  can  the  most  varied  anions  be  present,  but  the  place  of  ammonia  j 
can  be  taken  by  other  substances,  e.g.  by  water,  and  also  by  numerous  * 
organic  compounds. 

Moreover,  the  anions  directly  united  with  cobalt  are  not  com-  * 
pletely  bound,  but,  in  their  turn,  also  undergo  a greater  or  less  (fig 
sociation,  according  to  their  nature,  and  although  this  dissociation  is 
generally  much  less  than  that  of  the  other  ions,  it  is  by  no  means  ■ 

to  be  always  neglected.  , , 

A description  of  these  numerous  compounds  will  not  be  unaww 


r (NH3-D)3 
Lo(NH3)3 

(NH3-D)2 

Co(NH3)3 

U 

nh3-d 

Lo(NH3)4 

ro(NH3)3 
LoU3 


nh3-d 

and  Co(NH3)3 
U2 
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(taken  here,  especially  as  many  problems  regarding  their  nature  still 
remain  unsolved.  We  shall  merely  state  generally  that  the  complex 
cations  of  these  salts  are  almost  all  more  or  less  brightly  coloured ; 
the  old  designation  of  these  salts,  indeed,  is  derived  from  their 
colorations.  The  “ luteocobaltic  ” salts  are  the  compounds  of  the 
first  type,  the  purpureo-salts  belong  to  the  second,  the  praseo-,  flaveo- 
and  croceo-salts  to  the  third  type.  The  complex  cations  mostly 
form  strong  bases  with  hydroxyl,  which  are  soluble  in  water  and 
exhibit  the  reactions  of  hydroxidion  in  a most  pronounced  manner. 
Their  salts  are  frequently  very  difficultly  soluble  in  water. 

Nickel. — Unlike  cobalt,  which  is  not  employed  in  the  metallic 
state,  metallic  nickel  is  a material  which  is  greatly  used.  It  was 
formerly  used  only  for  alloys ; thus  German  silver  is  an  alloy  of 
nickel  with  zinc  and  copper.  Some  decades  ago,  however,  the 
difficulties  caused  by  the  high  temperature  of  fusion  of  nickel  have 
been  overcome  (especially  since  it  was  found  that  it  could  be  rendered 
more  easily  fusible  by  the  addition  of  metallic  magnesium  or  alu- 
minium), and  at  the  present  day  nickel  is  extensively  employed  in 
1 cases  where  it  is  required  to  use  a tenacious  and  hard  metal,  and  one 
which  keeps  well  in  the. air  and  is  difficultly  fusible.  It  finds  increas- 
ing use,  therefore,  for  apparatus  in  the  laboratory  and  for  household 
utensils. 

Further,  large  quantities  of  nickel  are  deposited  on  other  metals 
with  the  help  of  the  electric  current.  It  coats  these  with  a resistant, 
almost  silver-white  layer,  which  keeps  well  in  moist  air,  so  that  the 
nickel-plating  of  various  objects  made  of  iron  and  brass  has  become  an 
extensive  industry. 

The  electrical  deposition  of  a metal  depends  on  the  fact  that  at 
the  cathode  of  a circuit,  the  cations  pass  from  the  state  of  ions  into 
the  neutral  state.  In  the  case  of  nickelion,  this  passes  into  metallic 
nickel,  which  is  deposited  at  all  points  where  the  current  leaves  the 
liquid-  In  this  process  various  circumstances,  such  as  strength  of  the 
current,  nature  of  the  solution,  etc.,  have  a considerable  influence 
on  whether  the  metal  is  deposited  in  a coherent,  lustrous  layer  or  as 
an  incoherent  powder.  The  practice  of  electro -plating,  as  this  pro- 
cess is  called,  depends  on  the  knowledge  and  application  of  the  condi- 
tions which  ensure  the  formation  of  a good  deposit.  This  subject, 
which  is  very  important  in  the  arts,  has  been  only  very  little  investi- 
gated scientifically,  so  that  no  general  rules  can  be  given. 

In  order  that  the  nickel-plating  bath,  which  constantly  gives  up 
metal  to  the  object  to  be  plated,  may  not  become  exhausted,  the  anode 
is  made  of  metallic  nickel.  By  this  means  the  anion  is  not  discharged 
'Hit  on  the  contrary,  as  much  neutral  or  metallic  nickel  passes  into  the 
omc  state  as  is  separated  at  the  cathode,  and  the  whole  process  con- 
nsts  m metal  passing  into  ions  at  the  anode,  and  being  transported  by 
me  current  to  the  cathode,  where  it  again  passes  from  the  ionic  state 
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into  the  metallic.  In  this  process  the  current  would,  theoretically, 
have  practically  no  work  to  perform ; as  a matter  of  fact,  however,  a 
larger  or  smaller  amount  of  work  must  be  performed  by  the  current 
on  account  of  the  differences  in  the  concentration  and  other  circum- 
stances, a fact  which  finds  expression  in  the  so-called  polarisation  of  the  < 
bath  or  the  “ bath  potential.” 

Nickel  forms  a divalent  elementary  ion,  nickelion,  Ni",  which  is  of 
a fine  green  colour  ; this  colour  is  present  in  all  solutions  of  nickel 
salts  which  contain  this  ion.  Nickel,  it  is  true,  can  also  form  a higher 
stage  of  oxidation,  but  this  is  extremely  unstable,  and  does  not  behave  t 
as  a salt-forming  oxide.  Nickel  can  form  complex  ions,  but  these  are 
neither  so  varied  nor  so  stable  as  in  the  case  of  cobalt ; this  forms  the 
most  essential  difference  between  the  otherwise  very  similar  elements. 

Nickel  salts  are  obtained  by  the  dissolution  of  metallic  nickel  in 
nitric  acid ; in  the  case  of  nickel,  the  decomposition  of  aqueous  acid 
solutions  with  evolution  of  hydrogen  takes  place  only  very  feebly  and 
slowly.  If  aqua  regia  is  employed,  the  chloride  is  obtained ; by  evapo- 
rating the  nitrate  with  sulphuric  acid,  the  former  is  converted  into  the  c 

sulphate.  , jj. 

From  the  green  solutions  of  the  nickel  salts,  soluble  bases  give  a » 
pale  green  precipitate  of  nickel  hydroxide , Ni(OH)2,  which  loses  water 
when  heated,  and  is  converted  into  grey  nickel  oxide , NiO.  Nickel? 
hydroxide  is  not  soluble  in  alkalis,  but  dissolves  in  ammonia.  As  the 
liquid  thereby  becomes  of  an  azure  blue  colour,  it  must  be  concluded! 
that  a new  ion  is  formed.  The  investigation  of  the  solid  salts  has  - 
shown  that  we  are  possibly  dealing  with  two  different  ions,  one  of 


which  contains  4NH3,  the  other  6NH3,  to  one  Ni ; the  ions,  therefore, 


have  the  formulae  Ni(NH3)4  and  Ni(NH3)6  . They  are  both  blue. 

* The  complex  ions  of  nickel  containing  ammonia  differ  from  those- 
of  cobalt,  not  only  in  being  derived  from  divalent  nickel,  but  also  in 
being  much  less  stable.  Whereas  most  of  the  cobalt-ammonia  com- 
pounds can  be  brought  together  with  bases,  and  even  in  some  cases  v 


boiled  with  them,  without  ammonia  being  eliminated  to  any  appreci-: 
able  extent,  the  salts  of  the  nickel-ammonia  ions  in  the  solid  state  - 
slowly  lose  their  ammonia  even  in  the  air,  and  quickly  on  heating,  c 
The  dissociation  pressure  of  these  compounds  therefore  in  respect  of  ! 
the  ammonia  has  an  appreciable  value  even  at  the  ordinary  tempera-  :* 
ture,  while  in  the  case  of  the  cobalt  compounds  it  is  immeasurably^ 

small. 


The  nickel  salts  are  similar  to  those  of  cobalt  and  generally! 


isomorphous  with  them.  Of  these  salts  some  importance  is  possessed^ 
by  nickel  sulphate,  which  is  generally  obtained  in  quadratic  crystals* 
with  6H90,  a form  which  is  seldom  found  in  the  case  of  the  otbe  J 
vitriols  : it  can,  however,  also  crystallise  in  the  forms  of  magnesium* 
sulphate  and  ferrous  sulphate.  With  potassium  and  ammonium 
phate,  it  forms  double  salts  of  the  oft-mentioned  type.  Nickel  sulphate^ 
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and  a double  salt  with  ammonium  sulphate  are  used  in  large  quantities 
for  the  preparation  of  baths  for  nickel-plating. 

With  potassium  cyanide,  the  nickel  salts  at  first  deposit  a green 
precipitate  of  nickelous  cyanide,  which  dissolves  in  excess  of  potassium 
cyanide  and  yields  a yellow  liquid.  From  this  change  of  colour  it  can 
be  seen  that  a new  ion  is  produced  ; on  evaporating  the  solution  a 
yellow  salt  of  the  composition  K2Ni(CN)4 . H20  crystallises  out.  The 
nickel  cyanidion  which  forms  the  basis  of  this  salt  does  not  have  an 
analogous  composition  to  the  complex  ions  of  iron,  manganese,  and 
cobalt,  for  it  is  only  divalent.  With  regard  to  its  stability,  also,  it 
differs  greatly  from  these  compounds.  On  acidifying  the  solution  one 
docs  not  obtain  free  hydronickelcyanic  acid,  but  a greenish  precipitate 
of  nickelous  cyanide  is  produced  and  hydrocyanic  acid  escapes.  The 
acid,  therefore,  immediately  decomposes  according  to  the  equation 
H2Ni(CN)4  = Ni(CN)2  + 2HCN.  A separation  of  cobalt  and  nickel 
can  be  based  on  this  reaction. 

Nickel  Carbonyl.— If  carbon  monoxide  is  kept  in  contact  with 
finely  divided  nickel  at  a temperature  of  about  30°,  the  two  substances 
combine  to  form  a colourless  liquid  which  boils  at  as  low  as  43°,  and 
has  an  unpleasant  smell  and  poisonous  action.  The  composition  and 
vapour  density  are  represented  by  the  formula  Ni(CO)4. 

The  liquid  is  not  appreciably  soluble  in  water,  but  it  I'eadily  dis- 
solves in  organic  liquids,  such  as  benzene  and  turpentine.  In  the  air 
it  oxidises  to  substances  of  complex  composition. 

At  a somewhat  higher  temperature,  nickel  carbonyl  again  decom- 
poses into  its  constituents  ; for  each  temperature  there  exists  a relation 
between  the  carbon  monoxide  and  the  vaporous  nickel  carbonyl  at 
which  equilibrium  exists  with  metallic  nickel : with  rising  temperature 
the  equilibrium  shifts  in  favour  of  the  carbon  monoxide. 

By  reason  of  this,  nickel  can  be  separated  in  the  pure  state  from 
its  ores  after  it  has  been  reduced  to  spongy  metal  at  a low  temperature. 
Carbon  monoxide  is  passed  over  it,  and  the  resulting  gas  mixture  is 
heated ; metallic  nickel  is  thereby  deposited  and  the  liberated  carbon 
monoxide  can  be  used  for  the  conversion  of  fresh  quantities  of  nickel. 
For  technical  purposes,  however,  this  process  cannot  be  employed, 
because,  under  the  above  conditions,  the  cai’bon  monoxide  also  under- 
goes  decomposition  into  carbon  and  carbon  dioxide,  2CO  = C + C02, 
which  disturbs  the  cycle  of  processes. 

The  change  of  equilibrium  Avith  rise  of  temperature  brings  it 
about  that  metallic  nickel  can  be  distilled  from  a lower  to  a higher 
temperature.  Carbon  monoxide  is  enclosed  in  a glass  tube,  at  one  end 
of  which  there  is  nickel  sponge,  and  the  end  at  Avhich  the  nickel  is  not 
placed  is  heated  to  100°  or  somewhat  over  this.  After  a short  time 
the  hot  end  becomes  covered  with  a fine  mirror  of  metallic  nickel. 
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ZINC  AND  CADMIUM 

Zinc. — From  the  metals  of  the  iron  group,  to  which  it  is  in  many  ■ 
tespects  similar,  zinc  differs  in  the  fact  that  it  cannot  form  any  other  :• 
stage  of  combination  than  that  containing  divalent  ion.  In  this  > 
respect  it  forms  an  intermediate  member  between  nickel,  which  has  $ 
lost  this  property  almost  entirely,  and  magnesium,  in  the  case  of  which;, 
no  trace  of  that  property  is  present. 

Zinc  occurs  fairly  abundantly  in  nature,  both  as  oxygen  compounds  > 
(carbonate  and  silicate),  and  as  sulphide  or  blende.  Zinc  is  obtained! 
from  both  these  and  is  a white,  fairly  soft  metal  which  melts  as  low  as * 
420°  and  boils  at  950°.  In  the  air  and  in  water  it  oxidises  very 
quickly.  Since,  however,  the  zinc  hydroxide,  or  carbonate  which  is  e 
formed  covers  the  underlying  metal  with  a coherent  coating,  the  ■ 
oxidation  proceeds  for  the  most  part  slowly,  and  objects  made  of  i 
zinc  resist  the  influences  of  air  and  water  fairly  well. 

Cast  zinc  is  coarsely  crystalline  and  brittle.  If,  however,  the  f 
metal  is  heated  to  somewhat  over  100°,  it  becomes  soft  and  tenacious,  L 
and  can  be  hammered  and  rolled.  Having  once  undergone  this  treat- 
ment, it  remains  tenacious  even  at  the  ordinary  temperature.  If  it  is  > 
heated  to  about  300°,  it  again  becomes  extremely  brittle,  and  at  that  t 
temperature  can  be  ground  to  a powder ; on  being  cooled,  it  retains  a . 
somewhat  brittle  character. 

Zinc  is  employed  not  only  in  the  pure  state,  but  also  to  a large 
extent  in  alloys.  Its  most  important  alloy  is  that  with  copper ; it  is  ' 
called  brass,  and  will  be  treated  under  copper.  With  copper  and  | 
nickel  it  forms  German  silver  (p.  615). 

Zinc  is  also  used  for  coating  iron  in  order  to  protect  it  from  rust; 
this  is  then  known  as  “ galvanised  ” iron.  Iron  objects  which  remain 
constantly  exposed  to  the  air,  such  as  railings,  agricultural  implements, 
etc.,  are  in  this  way  rendered  durable.  It  is  true  that  zinc  in  contact  i 
with  iron  oxidises  more  quickly  than  when  alone,  but  the  oxidation  is  | 
limited  to  the  surface.  I 

At  420°  zinc  fuses,  and  this  temperature  is  low  enough  to  allow  of  f 


CHAP.  XXXI 


ZINC  AND  CADMIUM 


619 


the  metal  being  largely  used  for  castings.  At  950  zinc  is  converted 
into  a vapour,  which  burns  in  the  air  with  a brilliant  blue  flame,  forming 
zinc  oxide.  The  density  of  this  vapour  yields  the  molar  weight  65‘4  ; 
as  this  number  also  represents  the  combining  weight,  the  formula  of  zinc 
in  the  vaporous  state  is  Zn.  It  contains,  therefore,  only  one  combining 
weight,  whereas  most  of  the  elements  in  the  gaseous  or  vaporous  form 
have  the  double  formula.  The  other  metals,  however,  so  far  as  they 
i ajje  known  in  the  vaporous  state,  exhibit  the  same  peculiarity  as  zinc. 

It  is  on  the  volatility  of  zinc  that  its  manufacture  depends.  The 
oxygen  ores  are  heated  directly  with  charcoal ; the  sulphide,  after 
being  converted  into  zinc  oxide  by  roasting  in  the  air.  The  metal  formed 
by  the  reduction  of  the  oxide  with  charcoal  volatilises  and  is  collected 
in  suitable  receivers  with  exclusion  of  air,  while  the  impurities  remain 
behind  in  the  retort. 

In  this  process  a portion  of  the  metal  is  obtained  in  a form  in 
■ which  it  is  often  used  in  the  laboratory,  viz.  as  zinc  dud.  So  long  as 
the  temperature  of  the  receiver  remains  below  the  melting  point  of 
zinc,  the  metal  is  deposited  in  the  form  of  a fine  grey  powder.  (The 
relations  are  exactly  the  same  as  in  the  formation  of  flowers  of 
sulphur.)  This  powdery  form  of  zinc  is  more  suitable  for  many 
chemical  purposes  than  the  fused ; in  using  it,  however,  it  must  be 
remembered  that  it  generally  contains  a considerable  amount  of  zinc 
oxide  in  consequence  of  an  incipient  oxidation. 

Recently  many  attempts  have  been  made  to  obtain  zinc  from  its 
ores  by  first  converting  it  into  a salt  and  then  decomposing  this  by 
means  of  the  electric  current.  The  difficulty  of  obtaining  a coherent 
metal  free  from  oxide  in  this  way  does  not  appear  as  yet  to  have  been 
overcome. 

Zincion. — Metallic  zinc  readily  dissolves  in  acids  with  evolution 
of  hydrogen  (p.  85),  and  is  converted  into  the  corresponding  zinc 
salt,  zindot i,  Zn”,  being  formed  from  the  metal. 

Zincion  is  divalent,  and  resembles  magnesion  in  many  respects. 
Like  the  latter  it  is  colourless,  and  with  the  different  anions  it  forms 
salts  which  have  similar  solubilities  and  the  same  crystalline  forms  as 
■the  magnesium  salts.  Zincion  is  a poison  for  the  higher  organisms  ; 
nevertheless,  it  has  been  found  as  a constituent  of  some  plants  which 
grow  in  soil  containing  zinc. 

The  heat  of  formation  of  zincion  from  the  metal  is  147  Jcj.  This 
■is,  therefore,  also  the  amount  of  heat  developed  by  the  dissolution  of 
izinc  in  acids  (p.  201). 

* During  the  dissolution  some  remarkable  peculiarities  are  observed. 
'Pure  zinc  appears  as  almost  insoluble  in  dilute  acids.  So  soon,  how- 
pever,  as  there  is  added  a small  quantity  of  a salt  of  copper,  silver,  lead, 
or  some  other  metal,  which  is  eliminated  from  its  solutions  by  zinc,  a 
”< rapid  evolution  of  hydrogen  at  once  occurs.  The  cause  of  this  is  at 
,rjnce  seen  on  touching  a piece  of  zinc  immersed  in  an  acid  with  a piece 
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of  another  metal.  Hydrogen  is  abundantly  evolved,  hut  only  at  the 
surface  of  the  other  metal,  while  the  zinc  passes  quietly  into  solution. 
If  different  metals  are  used  as  cathodes  for  an  electrical  current  in  i 
dilute  acid,  it  is  seen  that  for  the  evolution  of  hydrogen  at  a surface-) 
of  zinc  a much  higher  potential  is  required  than  in  the  case  of  any 
other  metal. 

:'f  The  process  may  therefore  be  pictured  as  if  the  zinc  withdrew-*- 
the  charge  from  the  hydrion,  passing  thereby  into  zincion,  while  the.; 
hydrogen  assumes  the  gaseous  form.  This  passage  into  the  gaseous  • 
state  takes  place  (for  reasons  which  are  not  yet  known,  but  which  are  ■ 
detected  by  the  potential)  with  much  greater  difficulty  at  a surface  of  { 
zinc  than  at  the  surface  of  another  metal,  and  for  this  reason  the  de- 
composition is  slight  so  long  as  only  zinc  surfaces  are  available  for  the- 
evolution  of  gas.  If,  however,  the  zinc  is  connected  by  a conductor*- 
with  another  metal  at  the  surface  of  which  the  hydrogen  can  be  more  -1 


Fig.  113. 

readily  evolved,  the  formation  of  the  zincion  and  the  elimination  of  the  t 
hydrogen  take  place  at  different  points,  an  electric  current  passing  at /. 
the  same  time  through  the  metals  and  the  acid.  In  Fig.  113  a clear  i 
picture  of  these  relations  is  given.  From  the  zinc,  denoted  by  Zn,  the  I 
metal  dissolves  as  ion ; the  requisite  amounts  of  positive  electricity  v 
are  withdrawn  from  the  hydrion  present  in  the  solution,  these  charges  - 
passing  in  the  direction  of  the  arrows  through  the  metallic  conductor  : 
to  the  zinc.  The  simultaneous  production  of  an  electric  current  is, 
thei-efore,  the  necessary  condition  for  the  dissolution  of  zinc  and  the  t 
evolution  of  hydrogen  occurring  at  two  different  points. 

* The  above  arrangement  affords  at  the  same  time  an  insight  into 
the  production  of  electric  currents  in  the  old  voltaic  cell,  consisting  of 
zinc,  copper,  and  dilute  acid.  Fuller  information  on  this  point  will  be  • 
given  at  a later  point  (Chap.  XXXII.). 

Zinc  Hydroxide,  Zn(OH)2,  is  deposited  as  a white,  flocculent 
precipitate  on  the  addition  of  dissolved  bases  to  a solution  containing 
zincion.  It  is  soluble  in  an  excess  both  of  alkali  and  of  ammonia, 
although  for  different  reasons  in  the  two  cases.  The  solubility  in  * 
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alkali  depends  on  its  property  of  splitting  oft  hydrion  from  its 
hydroxyl,  and  therefore  of  acting  as  an  acid.  These  solutions  contain 
an  alkali  zincate,  e.g.  K2Zn02,  and  the  new  ions  Zn02"  and  HZn02  . The 
reason  of  the  solubility  is  therefore  the  same  as  in  the  case  of  alumina 
(p.  551).  The  solubility  of  zinc  hydroxide  in  ammonia,  however, 
depends  on  other  causes.  We  might  regard  it  as  being  due  to  an 
influence  exerted  on  the  solubility  by  the  presence  of  ammonion,  such 
as  occurs  in  the  case  of  the  otherwise  very  similar  magnesia  (p.  532). 
This  appears,  however,  to  be  excluded  from  the  fact  that  zinc  hydroxide 
must  be  a much  weaker  base,  as  is  evident  from  its  solubility  in 
alkalis  (p.  551).  On  the  contrary,  we  have  here  to  assume  the  forma- 
tion of  new  zincammonium  ions,  Zn(NHa)m",  where  n has  presumably 
several  values.  The  behaviour  of  zinc  hydroxide  is  therefore  compar- 
able with  that  of  nickel  hydroxide,  in  which  case  the  formation  of  new 
ions  was  rendered  visible  by  the  change  of  colour. 

* This  assumption  is  supported  by  the  fact  that  the  zinc  salts, 
especially  the  halogen  compounds,  even  when  dry,  readily  combine 
with  ammonia  without  undergoing  decomposition. 

On  being  heated,  zinc  hydroxide  loses  water,  and  is  converted  into 
white  zinc  oxide,  ZnO.  The  same  compound  is  obtained  by  heating 
metallic  zinc  in  the  air ; in  this  way  it  is  prepared  on  the  large  scale 
for  use  as  a pigment  under  the  name  zinc  white. 

Over  white  lead,  which  is  employed  for  similar  purposes,  zinc  white 
has  the  advantage  of  being  less  poisonous,  and  of  remaining  white  even 
in  an  atmosphere  containing  sulphuretted  hydrogen,  whereas  the  former 
becomes  dark  in  colour.  White-lead,  however,  has  a better  covering 
power,  since  it  has  a considerably  higher  coefficient  of  refraction  than 
zinc  white,  and  for  this  reason  it  is  still  often  preferred. 

* The  use  of  colourless  substances,  as  white  paints,  depends  on  the 
fact  that  in  the  small  particles  of  -which  the  paint  consists  the  light 
undergoes  repeated  refraction,  and  is  ultimately  totally  reflected.  This 
total  reflection  effects  the  “ covering  ” power,  i.e.  the  opacity  of  the 
layer.  Of  the  variously  directed  rays  in  an  opaque  body,  the  number 
of  those  which  are  totally  reflected  is  all  the  greater,  tlie  greater  the 
index  of  refraction,  because  the  angle  at  which  the  light  rays  can 
still  pass  through  decreases  in  the  same  proportion.  Hence  propor- 
tionately thin  layers  suffice  in  order  to  reflect  all  the  incident  light. 

Zinc  oxide  is  white  in  the  cold,  but  appears  yellow  when  hot ; on 
cooling  it  again  acquires  a white  colour.  This  colour  change  must  not 
be  regarded  as  a sign  of  the  conversion  of  the  zinc  oxide  into  another, 
perhaps  allotropic,  condition,  for  it  does  not  take  place  suddenly,  as  in 
such  a case  it  would  do,  but  gradually.  It  is  solely  due  to  the  fact 
that  the  region  in  which  zinc  oxide  absorbs  rays  moves,  on  heating, 
from  the  ultra-violet  portion  of  the  spectrum,  in  which  it  is  situated  at 
the  ordinary  temperature,  towards  the  visible  violet  portion.  This  is 
a very  general  phenomenon,  viz.  that  the  region  of  absorption  of  rays 
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changes  in  the  above  sense  with  the  temperature.  White  substances  \ 
become  yellow  on  being  heated,  yellow  ones  red  (p.  605),  and  red  ones  i 
brown  ; blue  and  green  substances,  on  the  other  hand,  generally  undergo  i 
no  marked  change  of  colour  on  heating. 

Zinc  Chloride,  ZnCl2,  is  a white,  readily  soluble  salt,  which  boils  s 
as  low  as  730°,  and  can  be  easily  obtained  in  the  dry  or  wet  way  byV 
the  action  of  hydrochloric  acid  on  zinc  or  zinc  oxide.  On  beingjJ 
evaporated  to  dryness,  the  aqueous  solution  loses  hydrochloric  acid.: 
The  product  can  be  again  freed  from  oxygen  by  distillation  in  a current 
of  hydrogen  chloride  or  by  the  electrolysis  of  the  fused  salt,  the  spongyyl 
zinc  which  separates  out  acting  as  a purifying  agent.  Zinc  chloride 
melts  very  readily  to  a clear,  strongly  refracting  liquid. 

Zinc  chloride  is  used  as  a preventative  of  the  destruction  of  wood! 
by  micro-organisms  and  fungi,  e.g.  in  the  case  of  railway  sleepers. 
Further,  it  is  used  as  a flux  for  soft  solder.  In  this  case  its  action  is  d 
due  to  its  power  of  dissolving  metallic  oxides  (p.  429). 

A concentrated  solution  of  zinc  chloride  dissolves  large  quantities  v. 


of  zinc  oxide. 


From  the  solution  an  oxychloride,  Zn 


OH 

Cl 


, crystallises  si 


out.  If  the  solution  is  very  concentrated,  the  whole  solidifies  to  a i' 
hard  mass  of  oxychloride.  This  phenomenon  is  made  use  of  for  the  ? 
preparation  of  a cement,  a solution  of  zinc  chloride  of  syrupy  consist- 
ency being  rubbed  together  Avith  zinc  oxide  shortly  before  it  is  required 
for  use. 

On  diluting  the  solution  containing  the  oxychloride  Avith  water  - 
that  substance  (or,  in  the  case  of  very  dilute  solutions,  zinc  hydroxide) 
is  precipitated.  Since  almost  all  commercial  zinc  chloride  contains  ■ 
oxychloride,  i.e.  has  lost  hydrogen  chloride  on  eAraporation  to  dryness,  , 
the  same  phenomenon  is  there  met  Avith,  the  salt  yielding  a turbid 
solution,  or,  on  dilution,  depositing  a Avhite  precipitate. 

The  formation  of  a basic  precipitate  is  also  promoted  by  the  hydro-  ■ 
lytic  decomposition  of  the  zinc  chloride  in  the  solution.  On  account 
of  the  feebly  basic  properties  of  the  hydroxide,  this  decomposition  is 
rather  considerable,  and  manifests  itself  in  the  acid  reaction  exhibited 
by  the  solutions  of  all  zinc  salts. 

Zinc  Sulphate,  or  zinc  vitriol,  ZnS04,  generally  crystallises  Avith 
7H,0  in  the  rhombic  forms  of  magnesium  sulphate.  According  to  the 
temperature,  hoAvever,  it  can  crystallise  Avith  other  amounts  of  water, 
and  in  other  forms.  It  is  a colourless  salt,  very  readily  soluble  in 
water,  and  can  be  obtained  by  the  action  of  sulphuric  acid  on  zinc 
oxide  or  metallic  zinc ; it  is  employed  in  the  arts  and  in  medicine.  It 
forms,  Avith  the  sulphates  of  potassium  and  ammonium,  double  salts 
containing  6H20. 

Zinc  Carbonate,  ZnC03,  occurs  naturally  as '‘calamine,  and  is  a 
highly  valued  zinc  ore.  It  crystallises  in  rhombohedi'a,  which  are 
isomorphous  with  those  of  calc-spar.  As  in  the  case  of  magnesia,  basic  | 
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| carbonates,  varying  with  the  temperature  and  the  dilution,  are  mostly 
obtained  by  precipitating  aqueous  solutions  of  zinc  salts  with  alkali 
; carbonates.  They  are  converted  into  zinc  oxide  by  ignition.  Pre- 
i capitation  as  carbonate,  and  weighing  as  oxide,  are  used  for  the 
analytical  determination  of  zinc. 

Zinc  Silicate  also  occurs  naturally  as  siliceous  calamine.  It  is 
also  used  in  the  manufacture  of  zinc. 

Zinc  Sulphide,  ZnS,  is  obtained  as  a white,  hydrated  precipitate 
f by  the  addition  of  ammonium  sulphide  to  zinc  salts.  Of  the  better 
i known  heavy  metals  zinc  is  the  only  one  which  forms  a white  sulphide  ; 
this  serves  as  a convenient  characteristic  in  analysis.  Zinc  sulphide  is 
soluble  in  dilute  acids  with  liberation  of  sulphuretted  hydrogen.  The 
reaction  takes  place  in  a manner  similar  to  that  in  the  case  of  iron 
sulphide  (p.  577),  but  with  the  difference  that  zinc  sulphide  is  con- 
siderably less  soluble.  This  is  the  reason  that  a neutral  solution  of 
zinc  sulphate  or  zinc  chloride  is  precipitated  by  sulphuretted  hydrogen  • 
not  until  a pretty  considerable  portion  of  the  salt  has  undergone  double 
decomposition  does  the  concentration  of  the  hydrion  produced  reach 
such  a value  as  to  hinder  further  precipitation.  If  the  concentration 
of  the  hydrion  is  raised  to  this  value  to  start  with,  by  the  addition  of 
hydrochloric  or  sulphuric  acid,  no  precipitation  is  produced  by  sulphur- 
etted hydrogen.  For  equilibrium  depends  only  on  the  relative  con- 
centrations existing  in  the  solution,  and  not  on  the  amount  of  the  solid 
substances. 

If,  however,  by  suitable  means  the  concentration  of  the  hydrion  is 
' kept  so  low  that  the  state  of  equilibrium  is  not  reached,  the  zinc  can 
be  almost  completely  precipitated  from  acid  solutions.  As  has  been 
mentioned  several  times,  this  is  brought  about  by  the  addition  of  an 
acetate.  The  acetanion  present  then  withdraws  the  hydrion  produced 
in  order  to  form  undissociated  acetic  acid,  and  only  a very  small 
portion  of  the  hydrion  escapes  this  combination. 

* If  in  this  manner  zinc  is  precipitated  from  acetic  acid  solution 
in  presence  of  cobalt  and  nickel,  white  zinc  sulphide  is  first  deposited, 
t.and  black  cobalt  sulphide  and  nickel  sulphide  do  not  make  their 
.appearance  till  later.  In  this  way  the  presence  of  zinc  along  with 
i those  other  metals  can  be  detected  in  analysis. 

In  nature,  zinc  sulphide  occurs  in  brown  to  black  masses,  and  is 
called  zinc  blende,  or  simply  blende.  It  is  an  important  zinc  ore.  The 
1 sulphur  is  removed  by  roasting,  and  the  oxide  formed  is  reduced 
j'with  charcoal.  The  process  which  occurs  in  the  roasting  is  represented 
by  the  equation  2ZnS  + 302  = 2ZnO  + 2S02.  The  sulphur  dioxide 
! thereby  produced  is  used  for  the  preparation  of  sulphuric  acid.  This 
is  done  not  only  for  the  sake  of  utilising  it,  but  also  in  order  that  it 
i may  not  escape  into  the  air  and  exert  its  destructive  action  on  plant 
growth.  1 

Cadmium. — This  element,  which  is  very  similar  to  zinc,  occurs  in 
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comparatively  small  amount  in  nature,  associated  with  that  metal.  A\ 
it  is  more  readily  volatile  than  zinc,  it  collects  in  the  first  portions  o<i 
the  distillate  in  the  preparation  of  the  latter.  It  is  a bluish-whitrti 
metal,  almost  as  soft  as  lead;  it  melts  at  320°  and  boils  at  7 70v 
Its  vapour  density  points  to  a molar  weight,  which  is  equal  to  th<  i 
combining  weight,  Cd  = 1 1 2g  the  formula  of  the  element  in  the  vaporous  | 
state  is  therefore  Cd,  similarly  to  zinc. 

Cadmium  forms  only  one  elementary  ion,  divalent  cadmion,  Cd"  j 
The  metal  dissolves,  although  very  slowly,  in  aqueous  acids  with  forma4 
tion  of  this  ion.  Cadmion  is  colourless,  and  acts  as  a rather  virulent  t 
poison  on  the  lower  and  higher  organisms.  Its  heat  of  formation 
from  the  metal  is  77  Jcj. 

The  cadmium  salts  in  aqueous  solution  are  distinguished  by  the  < 
fact  that  many  of  them  are  considerably  less  dissociated  into  ions  than" 
the  corresponding  salts  of  the  other  divalent  cations.  This  is  especially > 
noticeable  in  the  case  of  the  halogen  compounds. 

From  the  aqueous  solutions  of  the  cadmium  salts  alkali  hydroxides  - 
precipitate  white  cadmium  hydroxide,  which  is  insoluble  in  an  excess'* 
of  the  precipitant.  This  is  in  agreement  Avith  the  general  increase  of  -i 
the  basic  properties  Avith  increasing  combining  Aveight  in  the  case  oL 
similar  elements.  Cadmium  hydroxide  is  soluble  in  excess  of  ammonia* 
The  solution  contains  complex  cadmium-ammonia  ions,  Cd(NH8)n". 

By  heating  the  hydroxide,  and  by  the  combustion  of  the  metal  in 
the  air,  cadmium  oxide  is  obtained  as  a broAvn  powder,  Avhich  readily  , 
dissolves  in  acids  to  form  cadmium  salts. 

Of  the  salts  the  sulphate  should  be  mentioned.  This  still  exhibits 
some  similarity  to  the  sulphates  of  the  magnesium  series,  but  also- 
considerable  divergence.  Thus,  it  crystallises  at  the  ordinary  tempera--, 
ture  in  accordance  with  the  formula  3(CdS04) . 8H20,  for  Avhich  there- 
is  no  analogy  known  in  the  case  of  the  true  “ vitriols.”  The  formation, 
also  of  the  typical  double  salt  Avith  potassium  or  ammonium  sulphate  < 
does  not  take  place  quite  readily. 

The  sulphate  is  readily  soluble  in  water ; in  the  case  of  the  salt.' 
Avith  -frds  molecules  of  water  of  crystallisation  the  temperature  has  very  ; 
little  influence  on  the  solubility.  It  is  used  in  medicine,  and  is  also  - 
employed  for  the  construction  of  electrical  “ standard  cells.” 

The  halogen  compounds  of  cadmium  exhibit  especially  clearly  the  - 
above-mentioned  slight  dissociation  in  aqueous  solution.  Of  the  three 
compounds,  cadmium  chloride  is  most,  cadmium  iodide  least,  dissociated. : 
The  latter  salt  forms  crystalline  laminae  of  a pearly  lustre,  Avhich  are 
soluble  in  alcohol.  On  account  of  this  property  it  is  employed  in 
photography  as  an  iodising  salt. 

* Apart  from  the  small  conductivity,  the  folloAving  experiment 
demonstrates  very  clearly  the  slight  degree  of  dissociation  of  cadmium 
iodide.  If  cadmium  hydroxide  is  brought  together  Avith  Avater  and 
litmus  or  phenolphthalein,  no  alkaline  reaction  can  be  detected,  because 
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| the  hydroxide  is  too  slightly  soluble.  The  same  thing  is  observed  on 

! using  a solution  of  potassium  nitrate  or  sulphate  instead  of  water.  If 
we  take  a neutral  solution  of  potassium  iodide , however,  a strong 
| alkaline  reaction  is  obtained  on  shaking  up.  The  reason  of  this  is  that 
the  cadmion  which  passes  into  solution  from  the  hydroxide  is  converted 
into  undissociated  cadmium  iodide.  A fresh  quantity  of  hydroxide 
must  therefore  pass  into  solution,  and  this  must  go  ou  till  equilibrium 
is  attained.  In  this  process  the  hydroxidion  of  the  hydroxide  remains 
over  (along  with  potassium  from  the  potassium  iodide),  and  the  solution 
i must  exhibit  the  reaction  of  hydroxidion,  i.e.  must  react  alkaline.  In 
i formulae  we  have  Cd(OH).,  + 2T  = CdI0  + 20IT. 

Cadmium  Sulphide,  CdS,  is  obtained  as  a fine  yellow  precipitate 
oh  passing  sulphuretted  hydrogen  into  a neutral  solution  of  a cadmium 
salt.  If  the  solution  is  acidified,  precipitation  occurs  nevertheless,  and 
a very  considerable  amount  of  acid  must  be  added  before  sulphuretted 
hydrogen  ceases  to  produce  a precipitate.  Similar  chemical  equilibria 
are  obtained  to  those  described  in  the  case  of  zinc  sulphide  (p.  623), 
'■with  this  difference,  however,  that  the  concentration  of  hydrion 
; necessary  for  equilibrium  must  be  very  much  greater  than  in  the  case 
of  zinc. 

* If  we  have  a solution  in  which  cadmium  sulphide  has  just  been 
formed,  and  we  add  potassium  iodide  (or  any  salt  containing  iodidion), 
the  cadmium  sulphide  immediately  passes  into  solution.  The  reason 
of  this  is  again  that  owing  to  the  formation  of  undissociated  cadmium 
iodide,  cadmion  disappears  from  the  solution,  and  must  be  replaced  by 
the  dissolution  of  a fresh  portion  of  the  precipitate. 

On  account  of  its  pure  yellow  colour,  cadmium  sulphide  is  used  in 
painting  under  the  simple  name  “cadmium,”  since  other  cadmium 
compounds  are  not  employed  as  pigments. 

• An  amalgam  of  cadmium  and  mercury  is  employed  by  dentists 
is  a filling  for  teeth,  because  it  possesses  the  property  of  beino-  soft 
md  easily  moulded  for  a short  time  after  being  prepared,  but  of  very 
30011  solidifying  to  a coherent,  hard  mass.  This  depends  on  the  fact 
shat  the  compound  of  the  two  metals  is  a crystalline  substance, 
-vhich  is  hard  at  the  ordinary  temperature,  but  which  can  be  easily 
supercooled.  In  the  soft  mass,  therefore,  we  have  a superfused 
imalgam.  A lien  crystallisation  has  commenced  it  proceeds  slowly 
-nrough  the  whole  mass,  which  thereby  becomes  hard. 
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General. — Between  the  metals  of  the  new  group,  which  is  called  aftei 
copper,  and  those  of  the  former  groups,  many  points  of  relationship  exists 
The  circumstance  that  most  of  the  heavy  metals  can  form  several  series 
of  compounds,  i.e.  ions  of  different  valency,  causes  a crossing  ant. 
interweaving  of  these  mutual  relationships  which  render  it  impose 
sible  to  draw  up  a simple  list  of  the  elements  in  such  a way  thah 
the  most  nearly  related  always  stand  together.  For  indeed,  on  follows 
ing  out  one  of  the  existing  series,  other  ones  must  he  interrupted  I 
for  the  sum  of  these  mutual  relationships  cannot  he  represented  by 
means  of  a straight  line,  but  only  as  a much-branched  river  system, 
or  still  better  perhaps,  as  an  arterial  system  exhibiting  manifold- 

anastomosis.  . 

Thus  in  copper  we  have,  on  the  one  hand,  a metal  which  m certain: 

compounds  shows  itself  to  be  related  to  the  elements  of  the  magnesiunn 
and  iron  series,  while  other  compounds  exhibit  close  relationships  tot 
silver  and  mercury.  We  have  already  frequently  met  with  such' 
ambiguity  of  behaviour,  e.g.  in  the  case  of  iron,  and  especially  oi 
manganese  ; it  points  to  the  fact  that  a systematisation  of  the  chemical, 
elements  according  to  a single  scheme  is  impossible,  for  a ready, 
exhaustive  system  must  necessarily  contain  all  the  existing  relation- 
ships, and  must,  therefore,  be  of  such  a form  that  these  diversities! 
receive  adequate  expression.  The  satisfactory  solution  of  this  problem^ 
has  not  as  yet  been  attained,  and  we  must  at  the  present  time  get  over 
the  difficulty  by  pointing  out,  when  necessary,  the  various  relationship^ 


Copper. Of  the  heavy  metals  already  discussed,  copper  is  thefej 

, first  that  is  found  in  any  considerable  quantity  in  the  metallic  state  on  1 
the  earth,  and  it  belongs,  therefore,  together  with  silver  and  gold  to  I 
the  metallic  elements  which  have  been  longest  known.  It  is  a»‘l 
tinguished  from  all  other  metals  by  its  bright  red  colour,  whicd,  i 
however,  is  seen  only  on  fresh  surfaces.  Even  in  a very  short  timefl 
these  become  covered  with  a dark  coating  of  oxygen  or  sulphur  com-  > 
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i pounds,  which,  although  it  does  not  destroy  the  metallic  lustre,  changes 
. the  rose-red  colour  of  the  pure  metal  into  the  brown-red,  which  is 
iii  usually  called  copper-red. 

Copper  melts  at  1050  , has  the  density  8 •[),  and  is,  at  the  ordinary 
| temperature,  a tenacious  metal  which  can  be  mechanically  moulded, 
1 and  which  resists  well  the  influences  of  the  atmosphere  and  of  moisture. 
On  being  exposed  for  a lengthened  period  to  moist  air,  it  is  true,  it 

1 becomes  covered  with  a layer  of  oxygen  compounds ; this,  however, 
i remains  very  thin,  and  effectually  protects  the  metal  underneath.  At 
a red-heat  copper  combines  fairly  rapidly  with  oxygen  to  form  a black, 
brittle  oxide,  which  readily  breaks  off  in  scales  and  exposes  the  under- 
j lying  metal  to  fresh  attack. 

On  account  of  its  chemical  resistibility,  its  good  mechanical  proper- 
ties, and  its  melting  point,  copper  is  largely  employed  for  utensils  of 
all  kinds.  Another  very  extended  sphere  of  application  of  copper 
depends  on  its  great  conductivity  for  the  electric  current.  In  this 
respect  it  is  superior  to  all  other  accessible  metals  (silver  is  alone 
superior  to  it),  and  very  large  quantities  of  it  are  therefore  employed 
in  electro-technics.  For  this  purpose  it  must  be  very  pure,  since  the 
conductivity  is  greatly  lowered  even  by  very  small  amounts  of  foreign 
netals.  & 


Besides  being  used  in  the  pure  state,  copper  is  also  extensively 
employed  for  alloys.  Brass  has  already  been  mentioned  ■ others  will 
>e  given  later. 

The  combining  weight  of  copper  is  Cu  = 63 -6. 

The  Ions  of  Copper. — Copper  forms  two  kinds  of  elementary 
ons,  the  monovalent  monocuprion,  Cu',  and  the  divalent  dicuprion, 
m . The  latter  is  allied  to  the  divalent  ions  previously  described 
he  former  belongs  to  a new  type.  Of  the  two,  the  divalent  one  is  by 

ir  the  most  frequent  and  better  known,  and,  for  that  reason,  shall  be 
•rst  described. 

The  formation  of  dicuprion  from  metallic  copper  does  not  take 
lace  nearly  so  readily  as  that  of  the  ions  of  the  metals  hitherto 
Sesenbed  ithout  the  co-operation  of  the  atmospheric  oxygen 
dute  acids  have  no  appreciable  action  on  metallic  copper,  and  only 
ric  acid  or  hot  concentrated  sulphuric  acid  have  a solvent  action 
ereby  not  hydrogen  but  a reduction  product  of  the  particular  acid 
• evolved  On  the  other  hand,  hydrogen  gas  acts  on  solutions  of 

•pper  salts,  eliminating  copper  from  them  with  the  simultaneous  for- 
ation  of  free  acid. 

I " Under  ordinary  conditions,  this  reaction  occurs  so  slowly  that  it 
7 ? b!udeteCted'  If’  however’  the  action  of  the  hydrogen  is  acceler- 
Q be7deteectPedSenCe  ^ a Catalyser’  eJJ'  metallic  platinum,  the  action 

A * .The  ^solution  of  metals  in  nitric  acid  is  accompanied  by  the 
• luction  of  a portion  of  the  acid.  The  process  can  be  referred  to 
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the  scheme  given  on  p.  597,  if  we  write  nitric  acid  as  a hydroxyl  com- 
pound of  pentavalent  nitrogen.  The  series  is 


Nitric  acid,  HN03  + 2H.20  = N(OH)» 

Nitrogen  peroxide,  NOo  + ^l^O  — N(OH)4 
Nitrous  acid,  HN02+H.20 
Nitric  oxide,  N0  + H.20  — N(OH)2 

Hyponitrous  acid,  h H <2N .20.2  =N(OII)1 


In  the  oxidising  action  of  nitric  acid,  from  one  to  four  oxidation 
units  can  take  part,  depending  on  which  of  the  lower  members  the  acid  .1 
is  converted  into,  and  the  equation  has  to  be  written  accordingly  IU 
r rmcnVorl  in  aytitp.ss  the  oxidation  of  copper  to  d 


,,, 


is  converted  into,  ana  tne  equauun  u«  “ -*» 

for  example,  it  is  desired  to  express  the  oxidation  of  copper  to  dicup.  I 
rion  with  formation  of  nitric  oxide  (which  is  the  predominant  reaction 
on  treating  copper  with  nitric  acid),  we  have  the  following.  Eachlj 

: in  rvrrlp.r  t.O  T»fl,RR  into  CllCUprif 


Each  . 


on  treating  copper  witu  uunc  o- 

mole  of  copper  requires  two  units  in  order  to  pass  into  dicuprion  ; one*  , 
mole  of  nitric  acid,  however,  yields  three  units.  Consequent  y,  wd 
must  allow  two  moles  of  nitric  acid  to  react  with  three  of  copper. 
The  three  moles  of  copper,  however,  require  further  six  moles  of  nitnc,  / 
acid  in  order  to  pass  into  normal  nitrate  ; altogether  then,  eight  molegaj. 
of  nitric  acid  act  on  three  of  copper : 


3Cu  + 8HN03=  3Cu(N03)2  + 2N0  + 4H,0. 


* Similarly,  it  is  found  that  sulphuric  acid  on  passing  into  JH 
phurous  acid,  yields  two  oxidation  units,  and  these  are  exactly  suffig 
cient  to  convert  one  mole  of  copper  into  dicupnon  One  mole  more  of- 
sulphuric  acid  serves  for  the  formation  of  the  salt,  so  that  we  finally  | 

liaV6  Cu  + 2H2S04  = CuS04  + S02  + 2H,0. 


In  its  solutions,  dicuprion  is  greenish-blue  in  colour  If  any  o*fl  U 
colour  is  shown  by  a cupric  salt,  we 

sociated  portion  of  the  salt  is  also  coloured.  This  is,  as  a mattei  i. 

^‘ftfMgher  organisms,  dicuprion  is  a rather  powerful  j»ison( 

while  moulds  for  example,  can  flourish  in  presence  of  copper  salt,  || 

The  heat  of  formation  of  dicuprion  from  the  metal  amoim  ■ 

c U ■ it  is  therefore  negative,  while  that  of  the  metallic  ca  l nm 
-66  ky,  it  is  tncreioie  S difficulty  of  the  formation  oi  , 

tteTon  from'  thT  mltel,  and  the  ease  of  the  reverse  transfomat^ 

bases  ^ip,i  : 

Tnleattag,  becomes  ^rk  brown,  rt  “T  hoT®  Ts  possS  j 

foTHubstaneeto  lose  water  while  lying  under  water,  of  winch  ,t 
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| therefore  as  much  at  its  disposal  as  it  requires.  The  answer  is  that 
qi  cupric  hydroxide  is  not  at  all  a stable  compound  at  the  ordinary  and 
: : at  higher  temperatures,  and  the  fact  that  it  is  produced  before  the  form 
H which  is  most  stable  under  the  conditions,  viz.  copper  oxide  and  water, 
b is  a case  of  the  law  of  the  prior  formation  of  the  unstable  forms. 

Copper  hydroxide  is  not  soluble  in  alkalis  except  in  very  small 
aj  amount,  when  the  solvent  is  very  concentrated.  Ammonia  also  pre- 

Iiijiitates  cupric  salts  with  formation  of  hydroxide  ; an  excess,  however, 
igain  effects  dissolution.  The  liquid  thereby  becomes  of  a dark  corn- 
lower  blue.  This  is  a sign  that  a new  ion  has  been  produced  ; as  a 
natter  of  fact,  from  the  dark-blue  solutions  salts  can  be  obtained  in 
he  solid  state  containing  the  cation  Cu(NH.j)4". 

Copper  hydroxide  is  not  a strong  base  ; it  is  one  of  the  weakest  of 
he  hydroxides  of  the  divalent  ions.  This  is  shown  in  the  distinct 
lydiolysis  of  its  salts,  in  consequence  of  which  the  solutions  of  the 
alts  of  strong  acids  all  react  acid.  Cupric  salts  of  weak  acids  exhibit 
henomena  of  decomposition;  some,  e.g.  the  carbonate,  cannot  be 
btained  at  all  in  the  normal  condition,  but  only  salts  containing 
(hydroxyl,  or  basic  salts,  are  known. 

. Besides  being  formed  by  the  decomposition  of  cupric  salts,  copper 
fepxide  is  also  obtained  by  the  direct  oxidation  of  copper  in  the  air  at  a 
•j.ow  red-heat.  Cuprous  oxide,  the  anhydride  of  cuprous  hydroxide 
■wefe  infra),  is  first  formed,  but  this  also  passes  into  cupric  oxide  under 
> the  above  conditions. 


Copper  oxide  is  very  readily  reduced  to  the  metal  by  means  of 
ydiogen  with  production  of  water.  It  has  already  been  mentioned 
(.at  this  reaction  was  used  in  order  to  determine  the  ratio  of  combina- 
■uon  between  hydrogen  and  oxygen.  This  same  property  of  ready 
deducibility  conditions  the  use  of  copper  oxide  in  organic  elementary 
.nalysis.  The  substance  to  be  investigated  is  mixed  with  excess  of 
popper  oxide,  the  mixture  placed  in  a tube  and  the  whole  heated,  after 
absorption  apparatus  for  water  (calcium  chloride)  and  for  carbon 
: loxide  (caustic  potash  or  soda  lime)  have  been  attached.  By  means 
riif  the  oxygen  of  the  copper  oxide  the  carbon  of  the  organic  compound 
a bunJed  tc > carbon  dioxide,  the  hydrogen  to  water.  These  products 
te  collected  and  weighed,  and  from  this  the  amount  of  the  above 

|e1ermined0ntamed  ^ ^ 0rganic  comPound  (also  weighed)  can  be 

Any  nitrogen  which  is  present  is  evolved  in  the  free  state,  and  the 
jmount  can  also  be  determined  by  collecting  and  measuring  the  gas 
Cupric  Chloride— Anhydrous  cupric  chloride,  CuCl9,  is  formed 
7 the  combustion  of  copper  in  a current  of  chlorine,  as  a yellow- 
n powder  which  dissolves  in  anhydrous  solvents  with  a dark 
rilow  colour,  whereas  its  aqueous  solution  is  blue  or  green,  according 
e concentration.  From  the  solution  the  salt  with  2H90  ervstaf- 
l6S  ; °n  account  of  adhering  mother  liquor,  this  generally  appears 
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green,  but  in  the  pure  state  it  is  bright  blue.  I he  hydrated  salt  on 
being  heated  loses  hydrogen  chloride  along  with  the  water,  like  many 
of  the  other  chlorides  of  this  group,  and  is  converted  into  an  oxy- 
chloride. The  anhydrous  salt  experiences  the  same  transformation  on 
beino-  heated  in  oxygen  ; chlorine  is  evolved  at  the  same  time  : 4CuC12  + 
Oo=t2Cu2OCl2  + 2C12.  By  means  of  hydrogen  chloride,  the  oxy-, 
chloride  is  again  converted  into  the  chloride  : Cu2OCl2  + 2HC1  = 
2CuCl.,  + H.,0.  This  reaction  is  made  use  of  for  the  manufacture  of 
chlorine  ; the  catalytic  acceleration  of  the  oxidation  of  hydrogen  , 
chloride  with  free  oxygen  (p.  166),  also,  is  attributed  to  the  alternate 
occurrence  of  these  two  processes  in  the  mixture  of  oxygen  and 
hydrogen  chloride,  but  this  view  still  lacks  experimental  foundation. 

Concentrated  aqueous  solutions  of  copper  chloride  appear  green. 

If  fuming  hydrochloric  acid  is  added,  a yellow-brown  liquid  is  obtained. 
The  latter  colour  is  the  individual  colour  of  the  undissociated  copper 
chloride,  the  dissociation  of  which  is  reduced  almost  to  zero  by  then 
laro-e  excess  of  chloridion.  So  long  as  considerable  amounts  of  undis-.* 
sociatecl  salt  are  present  in  the  fairly  concentrated  solutions,  the  mixed* 
colour  formed  by  the  yellow  of  the  chloride  and  the  blue  of  the  dicup- 
rion  is  produced.  Very  dilute  solutions  in  which  the  dicupnon  pre- 
dominates, exhibit  the  blue  colour  of  that  ion.  On  being  heated 
sociation  is  diminished  ; the  yellow  colour  of  the  undissociated  salt* 
appears  also  to  become  more  intense  (p.  622),  so  that  for  this  rea^J 
also,  the  solutions  change  colour  towards  the  green.  If  we  write  with, 
a solution  of  copper  chloride  on  paper,  the  characters  become  yellow 
on  being  heated  at  those  parts  where  the  strongly  coloured,  anhydrous 
salt  is  formed,  and  on  cooling  disappear  again  where  the  pale-bluea 
coloured  hydrated  salt  is  formed  through  the  attraction  of  moisture: 
from  the  air.  This  solution  can  therefore  also  be  used  as  a sym-i 
pathetic  ink”  (p.  611),  but  must  not  be  applied  with  a steel  peid 
because  iron  acts  on  solutions  of  copper  with  precipitation  of  thfl 

metAs  has  just  been  mentioned,  cupric  chloride  readily  forms  oxy-:j 
chlorides  with  loss  of  chlorine.  These  compounds  vary  in  composition 
according  to  the  conditions  of  formation.  The  one  best  characters  < 
the  compound  Cu2C1(OH)3,  which  occurs  in  nature  as ■ “d 

also  readily  formed  where  chlorine  compounds,  water  and  -)e  > 
act  on  copper.  It  is  a bright  green  substance  winch 
crystals  and  is  scarcely  soluble  in  water.  It  dissolves  readily  m acid, 
and  in  ammonia,  as  indeed  could  be  expected  from  its  composite.  . 

Copper  Sulphate.-Cup.ic  sulphate  or  copper  vitriol,  CuS V 
obtained  on  the  large  scale  by  the  oxidate on  of  naUnw  y o ecu ■ c 
sulphur  compounds  of  copper.  It  is  a salt  which  crystallises 

tridinic  crystals  with  5H80,  and  wbieh  : “ th 

« vitriols  ” in  its  properties.  According  to  the  temperatuie, 
takes  up  other  quantities  of  water  and  exhibits  forms  which  occur 
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t,  the  case  of  the  sulphates  of  other  divalent  metals  (cf.  p.  569).  It  also 
p crystallises  along  with  potassium  and  ammonium  sulphate  in  double 
jl  salts  with  6H20.  The  water  of  crystallisation  passes  off  fairly  readily, 
a salt  with  1H20  at  first  remaining  behind,  which  is  more  difficult  to 
■ dehydrate.  The  anhydrous  sulphate  is  dirty  white  in  colour;  in  the 
lair  it  absorbs  water  and  again  becomes  blue.  The  dehydrated  copper 
' sulphate  is  sometimes  used  as  a desiccating  agent,  especially  for  liquids, 
on  account  of  the  convenience  of  being  able  to  tell  when  the  desiccation 
aj-is  complete  from  the  non-appearance  of  the  blue  colour  in  freshly 
“added  sulphate. 

If  an  electric  current  is  passed  through  a solution  of  copper  sul- 
phate, metallic  copper  is  deposited  as  a coherent  coating  on  the  cathode. 
As  j is  particularly  easy  to  obtain  a good  precipitate  with  copper 
(p.  615),  the  process  is  made  use  of  not  only  for  coating  other  objects 
with  copper,  but  also  for  shaping  objects  in  copper  and  thus  of  pro- 
ducing a sort  of  cold  metallic  casting.  The  deposit  fills  out  very 
exactly  the  form  of  the  cathode,  and  when  it  has  acquired  a certain 
thickness  it  can  be  removed  as  a coherent  mass.  For  this  reason  it  is 
ised  for  taking  casts  of  printing  blocks.  These  are  first  cut  in  wood 
>nd  then  cast  in  warm  gutta-percha  or  in  very  readily  fusible  metal 
cf.  bismuth),  and  the  cast  is  then  made  the  cathode  of  an  electric 
lurrent  in  a solution  of  copper  sulphate.  The  anode  consists  of  copper 
n order  that  the  amount  of  copper  contained  in  the  solution  shall 
remain  unchanged  (p.  615).  Non-conducting  casts,  such  as  those  of 
;utta-percha  or  gypsum,  are  first  covered  with  a conducting  layer,  e.g. 
y rubbing  with  graphite. 

The  same  process  is  made  use  of  for  the  purpose  of  purifying  im- 
,'Ure  copper.  The  impure  copper  is  then  made  the  anode,  and  a thin 
fffieet  of  pure  copper  is  used  for  the  cathode.  On  this,  very  pure 
'"opper  is  deposited  if  a current  of  very  small  potential  is  employed, 
ir  tlle  impurities  either  are  not  dissolved  but  sink  to  the  bottom  as 
anode  mud,”  or  they  are  not  separated  out  at  the  cathode  (e.g.  iron), 
nd  must  be  removed  from  the  solution  when  they  have  accumulated 
>o  much.  The  copper,  for  example,  which  is  used  for  electrical  pur- 
oses,  and  which  must  be  very  pure,  is  treated  in  this  way. 

One  can  spare  oneself  the  special  generation  of  an  electric  current 
{ making  the  separation  of  copper  a part  of  the  reactions  in  a voltaic 
dl.  As  a matter  of  fact,  the  process  of  electrical  copper  casting 
ntrotyping,  was  discovered  through  copper  sulphate  being  used  as  an 
adismg  agent  in  a voltaic  cell,  whereby  the  deposited  copper  took 
e exact  shape  of  the  cathode. 

Such  a cell  is  represented  in  Fig.  114.  K is  the  cathode  of  copper 
a porous  cell  of  fired  clay  which  allows  the  current  to  pass,  but 
ecks  the  mixing  of  the  liquids,  and  ^ is  an  anode  of  metallic  zinc 
is  surrounded  by  a solution  of  copper  sulphate,  ^ by  a solution  of 
*1  sulPhate-  When,  then,  IC  and  Z are  connected  by  a metallic  con- 
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ductor  L,  the  deposition  of  copper  on  K occurs,  while  an  equivalent  ; 
amount  of  zinc  is  at  the  same  time  dissolved  from  Z.  During  this  ■ 
process  an  electric  current  passes  through  the  conductor  in  the  direc- 
tion of  the  arrow,  and  can  he  easily 
r detected  and  measured  by  inserting  a j 

current  indicator  in  the  circuit. 

The  chemical  process,  therefore, 
consists  in  metallic  copper  being  de- 
posited from  the  copper  sulphate  and 
zinc  dissolving  to  zinc  sulphate.  Iflj 
we  write  the  equation  of  the  ions,  we 
have  first  of  all  : Cu"  + S04"  + Zn  = 
Cu  + Zn"  + S04"  ; omitting  on  either 
side  the  ion  SO/',  which  remains: 
unchanged,  we  obtain  Gu  + /n  = 
Cu  + Zn".  The  process,  therefore, 
simply  consists  in  the  copper  and 
zinc  exchanging  their  role  as  ions,  or, 
since  the  ionic  state  is  determined  byij 
the  positive  electrical  charge,  in  the! 
cuprion  yielding  up  its  charge  to  the! 
zinc,  which  thereby  passes  into  zincion, 
while  the  copper  is  deposited  in  the 
metallic  state 
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This  process  immediately  occurs  when  metallic  zinc  is  fatroduceds 
into  a solution  of  copper  sulphate ; copper  is  deported and .zmc u nto- 
solved.  An  electrical  current  cannot,  however  he  obtained  in  this  cay 
The  reason  of  this  is  that  the  transference  of  the  charges  take,  pbj 
everywhere  within  the  liquid,  so  that  it  is  not  possible  to  lay  hold  o 
and  conduct  the  electrical  movement.  In  the  arrant  shoe  nm 
Fig.  114,  which  is  called  after  its  discoverer,  the  thes»« 


Fie  114,  which  is  canea  aitei  iw  ^ — - jj 

tion  of  the  zinc  and  the  deposition  of  the  copper  take  place  at  separate . 

points  and  this  becomes  possible  only  when  the  necessary  equahs^o. 

I . , , • . , j-i hUra  m Arlinm  nf  the  liouid  on  the  one  nano, 


points,  and  this  becomes  possime  umy  h hxnA. 

of  electricity  occui's  through  the  medium  of  the  liquic  on 

and  of  the  conductor  on  the  othe^  ^ ^ whereby  at 

xu  . , -n  oon,,,-  i- 1 is  evident 


that  the  reactions  on  which  the  ceil  is  n0  caus( 

out  this  special  arrangement  since  ere  w those  process*- 


out  this  special  arrangement,  , those  proceSs*- 

to  make  the  process  take  place.  Noa  , however  , 

occur  in  which  free  energy  is 


:rXh  Z chemical  energy  is  converted  in* 

cells  after  the 


free  electrical  energy. 

It  will  therefore  be  possible  to  construct , othe _ - . othel 

Ci%t?deta"LTthSr  X and  connected  with  on, 
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another.  This  is,  as  a matter  of  fact,  the  case ; with  every  such 
combination  a cell  is  obtained  in  which  one  of  the  metals  is  reduced 
from  its  salt  and  deposited  in  the  metallic  state,  while  the  other  is 
oxidised,  i.e.  is  dissolved  as  ion.  Which  of  the  two  connected  metals 
will  assume  one  or  the  other  role,  is  found  by  introducing  each  metal 
into  the  solution  of  the  other;  one  of  the  metals  will  then  precipitate 
the  other  from  its  solution,  while  the  other  metal  will  lea,ve  the 
solution  of  the  first  unchanged.  The  precipitating  metal  is  then 
always  the  anode,  which  also  dissolves  in  the  cell  the  same  as  in  the 
direct  experiment,  and  the  precipitated  metal  is  the  cathode,  for  it  is 
deposited  in  the  cell  in  the  same  way  as  in  the  direct  action.  From 
these  experiments  it  is  found  that  a given  metal  can  both  precipitate 
and  be  precipitated  ; cadmium  eliminates  copper  from  solutions  of 
copper  salts,  but  is  deposited  from  its  solutions  in  the  metallic  state 
by  zinc. 

The  law  which  obtains  here  can  be  expressed  as  follows  : It  is 
possible  to  arrange  all  the  metals  in  a single  series  in  such  a way  that  each 
precipitates  all  the  metals  following  from  their  aqueous  solutions,  but  is 
precipitated  by  each  of  the  preceding  ones.  On  account  of  the  electrical 
relations  of  this  series,  to  be  presently  mentioned,  it  is  called  the 
potential  series  of  the  metals. 

Electrical  Potential. — The  work  which  an  electric  current  can 
perform,  depends  not  only  on  the  strength  of  the  current  or  the 
amount  of  electricity  which  in  unit  of  time  passes  through  a section 
of  the  conductor,  but  on  another  magnitude  as  well,  which  is  called 
the  potential,  the  unit  of  which,  fixed  once  for  all,  is  called  the  volt. 

1 Thus  an  electric  incandescent  lamp,  which  is  supplied  by  a current 
of  one  ampere  (p.  193)  at  a potential  of  50  volts,  gives  the  same  light 
as  a lamp  which  uses  a current  of  5 amperes  at  10  volts,  while  at  a 
potential  of  200  volts  a current  of  0’25  ampere  is  sufficient  to  produce 
the  same  effect. 

From  this  example  it  is  at  once  seen  that  the  electrical  work  of  a 
current  is  measured  by  the  product  of  strength  of  current  and  potential. 

' This  has  a great  similarity  to  the  performance  of  work  by  a falling  mass 
of  water ; in  this  case  also  the  work  depends  on  the  quantity  of  the 
water,  and  on  the  height  of  fall,  and  the  amount  of  work  which  can 
be  obtained  with  the  same  quantity  of  water  is  all  the  greater,  the 
i greater  the  height  through  which  the  water  falls.  To  the  quantity  of 
■ water  there  corresponds  the  magnitude,  which  has  been  called  quantity 
of  electricity,  and  which  can  be  measured,  in  accordance  with  Faraday’s 
law  (p.  192),  by  the  amount  of  substance  separated  electrolytically  on 
! inserting  an  electrolytic  cell  in  the  circuit.  To  the  height  of  fall  there 
corresponds  the  property  of  electrical  energy,  which  has  just  been 
i called  potential.  The  product  of  volt  and  ampere,  which  represents 
the  work  done  in  a second  (because  an  ampere  is  a unit  of  electricity 
per  second),  is  called  a watt.  A watt  is  equal  to  the  work  of  10"  erg 
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(p.  23)  in  the  second,  and  is  therefore  approximately  equal  to  the  ! 
work  which  is  performed  by  a waterfall  in  which  100  gm.  of  water  fall 
through  a height  of  I metre  in  a second ; it  is  therefore  a rather  small  ! 
magnitude.  For  technical  purposes,  therefore,  a unit  a thousand  times  : 
as  large  is  generally  employed,  viz.  the  kilowatt,  which  is  equal  to 
1010  erg  in  the  second.  ,j 

The  Potential  of  Cells.  — If  we  imagine  various  voltaic  cells  I 
constructed  after  the  pattern  of  the  Daniell,  in  which  zinc  is  always 
used  as  one  metal  along  with  various  other  metals,  e.g.  cadmium, 
copper,  and  silver  immersed  in  solutions  of  their  salts,  each  of  these  ■ 
cells  Avill  be  able  to  yield  a current  and  perform  work.  In  the  process, 
zinc  will  dissolve  and  the  other  metal  will  be  precipitated.  If  we 
allow  each  of  the  cells  to  do  work  until  a definite  amount  of  zinc,  e.g. 
one  mole,  has  been  dissolved,  the  amounts  of  work  will  be  different  in 
the  different  cells,  for  the  chemical  energy  which  becomes  available  in 
the  case  of  each  is  different.  It  will  be  greatest  in  the  case  of  the 
silver-zinc  cell  and  least  in  the  cadmium-zinc  cell,  for  of  the  three 
metals,  silver  is  the  easiest,  cadmium  the  most  difficult  to  reduce ; of 
the  work,  therefore,  which  the  zinc  can  perform  in  passing  into 
zincion,  most  will  remain  over  for  the  current  in  the  case  of  the  silver 
cell  and  least  in  the  cadmium  one. 

The  quantities  of  electricity,  however,  which  are  set  in  motion  for 
the  current  by  the  dissolution  of  equal  amounts  of  zinc  in  the  different 
cells,  is  in  all  cases  equal,  since,  according  to  Faraday’s  law,  equal 
amounts  of  electricity  must  be  transported  with  equal  amounts  of 
zinc,  independently  of  what  work  the  current  otherwise  performs. 
Since  the  amounts  of  work  in  the  cells  are  necessarily  different,  the 
above  differences  must  find  their  expression  in  the  other  factor  of 
electrical  work,  i.e.  the  potentials  of  the  cells  must  be  different.  This 
is  shown  by  measurement  to  be  the  case ; if  such  cells  are  constructed 
and  their  potentials  measured  with  a volt-meter  (an  instrument  which 
allows  of  the  potential  being  directly  read  off  by  means  of  a pointer), 
the  following  values  are  obtained  : — 

Silver-zinc  . . . . . . 1 '57  volt 

Ccrpper-zinc  . . . . . . 1'10  ,, 

Cadmium-zinc  . . . . • 0'35  ,, 

The  above  considerations  can  be  extended.  According  to 
Faraday’s  law,  the  amounts  of  electricity  which  are  set  in  motion  are 
equal  not  only  for  equal  amounts  of  zinc  but  also  for  equivalent 
amounts  of  all  ions  whatever  (p.  194).  The  potential  of  the  cells  is 
therefore  in  all  cases  the  measure  of  their  power  of  doing  chemical  and 
electrical  work,  or  the  measure  of  the  free  energy  of  the  chemical 
reaction  occurring  in  the  cell.  Indeed,  the  measurement  of  the 
electrical  potential  is  at  the  present  time  the  most  fruitful  method  of 
determining  this  important  and  not  easily  accessible  magnitude. 
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On  constructing  a,  cell  containing  the  above  three  metals  and  also 
9.  the  other  possible  cells,  the  following  values  of  the  potentials  are 
v obtained : — 

Silver-copper  . . . . . . 0‘47  volt 

Silver-cadmium ] "22  ,, 

Copper-cadmium  . . . . . 0'75  ,, 


On  comparing  those  values  with  the  former,  it  is  found  that  the 
potential  of  the  combination  silver-zinc  is  equal  to  the  sum  of  the 
potentials  silver  - copper  plus  copper -zinc  or  silver  - cadimum  plus 
cadmium-zinc,  etc.  Writing  the  values 


Silver  = 1 *57  volt 
Copper  =1*10 
Cadmium  = 0*35  ,, 
Zinc  =0-00  ,, 


we  find  that  the  potential  of  any  combination  of  these  metals  is  equal 
to  the  difference  of  the  corresponding  numbers.  These  numbers  may 
therefore  be  called  the  potentials  of  the  single  metals,  in  which  case, 
: certainly,  the  zero,  Zn  = 0,  has  been  arbitrarily  chosen.  This, 
however,  has  no  influence  on  the  result,  for  if  any  other  metal  is  put 
equal  to  zero,  and  the  corresponding  values  of  the  potential  are 
calculated  with  due  regard  to  the  sign,  another  series  is  obtained  which 
exhibits  the  same  differences  between  the  separate  members,  and  has 
the  same  meaning,  therefore,  as  the  former  series. 

This  series  is  the  numerical  expression  of  the  potential  series 
(p.  633) ; it  is  the  expression  of  a fundamental  property  of  the  metals. 

The  numbers  depend  on  the  temperatures,  but  their  relative  positions 
do  not  greatly  change  within  the  range  of  temperatures  investigated ; 
as  regards  this  point,  however,  our  knowledge  is  as  yet  rather  scanty. 

The  following  table  gives  a more  complete  list  of  potentials.  In 
this  case  zinc  has  not  been  taken  as  the  zero,  but  another  zero  has 
been  chosen  which  gives  expression  to  the  actual  change  of  the  free 
energy  in  the  passage  from  the  metallic  to  the  ionic  state.  We  cannot 
explain  here  how  this  zero  has  been  derived,  and  this  is  of  no 
importance,  in  the  first  instance,  since  we  are  concerned  only  with  the 
differences,  and  these  are  independent  of  the  zero. 

Tin  - 

Lead  -0 CO  volt 

Hydrogen  - 0 ’25  , , 

Antimony  — 

Bismuth  — 

Arsenic  — - 

Copper  -0'59  ,, 

Mercury  -1'03  ,, 

Silver  -1'06  ,, 

Palladium  - 1 -07  ,, 

Platinum  — 

Gold  — 


Caesium  — 

Rubidium  — 
Potassium  — 
Sodium  — 

AI agnesium  + 1-24  volt 
Aluminium  1‘03  ,, 
Manganese  0‘82  ,, 
Zinc  0-51 

Cadmium  0T6  ,. 
Thallium  0T1  ,t 
Iron  0-09  ,, 

Cobalt  -0’02  ,, 
Nickel  -0.02  ,, 
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Where  no  number  is  given,  only  the  position  of  the  metal  in  the 
series  is  known,  but  not  the  numerical  value  of  the  potential. 

Copper  Nitrate  crystallises  in  blue  crystals  containing  3H„0,  and 
cannot  be  freed  from  its  water  of  crystallisation  without  at  the  same 
time  losing  acid.  The  basic  copper  nitrate,  Cu2(N03)(0H)3,  is  obtained 
by  the  action  of  copper  carbonate  on  the  normal  nitrate,  or  by  the  , 
partial  precipitation  of  the  latter  with  a carbonate  (the  carbonic  acid 
of  which  escapes)  ; it  is  a blue-green  powder,  very  difficultly  soluble  in 
water,  the  composition  of  which  corresponds  to  that  of  atacamite,  and 
which  is  remarkable  as  being  one  of  the  few  nitrates  which  are 
difficultly  soluble  in  water. 

* If  some  crystals  of  the  hydrated,  normal  copper  nitrate  are 
wrapped  in  tinfoil,  the  latter  is  oxidised,  and  a vigorous  reaction 
takes  place  with  scintillations.  The  same  reaction  has  sometimes 
given  rise  to  dangerous  fires  in  powder  manufactories,  where  copper 
nitrate  can  be  formed  by  the  action  of  saltpetre  on  the  metal  of  the 
vessels. 

Copper  Carbonate. — On  precipitating  solutions  of  a copper  salt 
with  carbonates,  blue  to  green  precipitates  of  basic  copper  carbonate 
are  obtained ; the  corresponding  reactions  were  explained  in  the  case 
of  magnesium  (p.  535).  In  nature,  also,  normal  copper  carbonate 
does  not  occur,  but  only  the  basic  salt.  Malachite,  a green  mineral 
which  is  used  for  objects  of  art,  has  the  composition  Cu2(C03)(0H)2 ; 
azurite,  a dark-blue  basic  carbonate,  which  has  a similar  application,  is 
Cu3(C03)2(0H)2.  Both  are  valuable  copper  ores. 

Copper  Acetate,  Cu(C2H302)2  + H20.  This  salt  has  long  been 
known  by  the  name  verdigris.1  It  is  obtained  by  alternately  covering  ; 
copper  plates  with  residues  from  the  preparation  of  wine  and  exposing  ■ 
to  oxidation  by  the  atmospheric  oxygen.  By  means  of  the  latter, 
acetic  acid  is  formed  from  the  alcohol  of  the  residues,  and  the  copper 
is  converted  into  the  acetate.  This  is  deposited  as  the  basic  salt  on 
the  copper  plates  in  bluish-green  masses,  and  is  placed  in  this  form 
on  the  market  for  use  as  a pigment.  The  normal  salt  is  obtained  by 
crystallisation  from  dilute  acetic  acid,  and  forms  dark-green  crystals, 
which  are  also  employed  for  painting  and  dyeing. 

Copper  Sulphide,  CuS,  occurs  in  nature  as  indigo  copper  or 
covellite,  and  is  formed  by  the  precipitation  of  cupric  compounds  with 
sulphuretted  hydrogen.  It  is  thus  obtained  as  a brown-black  powder 
of  not  very  constant  composition,  as  it  has  a great  tendency  to  pass 
into  cuprous  sulphide,  Cu2S,  and  free  sulphur.  It  is  practically 
insoluble  in  dilute  acids;  copper  can  therefore  be  precipitated  by 
sulphuretted  hydrogen  from  acid  solutions,  a behaviour  which  is  made 
use  of  for  the  analytical  separation  of  copper  (and  the  other  metals  of 
this  group)  from  those  of  the  iron  group. 

1 The  coatings  of  basic  carbonate  which  are  formed  on  copper  in  the  air  are  also 
sometimes  called  verdigris. 
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* On  account  of  the  above  mentioned  indefiniteness  of  the 
composition,  the  precipitated  copper  sulphide  cannot  be  weighed 
directly.  It  is  dissolved  in  nitric  acid,  and  the  nitrate  produced  is 
either  precipitated  with  caustic  potash,  whereby  brown  copper  oxide 
(p.  628)  is  obtained,  or  it  is  decomposed  by  the  electric  current, 
whereby  metallic  copper  is  deposited.  The  copper  sulphide  can  also 
be  ignited  in  a current  of  hydrogen,  whereby  cuprous  sulphide,  Cu2S, 
which  has  a constant  composition,  is  formed. 

* For  the  electrolytic  deposition,  the  apparatus  shown  in  Fig.  115 
may  be  used.  The  solution  is  placed  in  a platinum  dish,  which  is 
made  the  cathode  of  an  electric  circuit  (accumulator  and  resistance) ; 


Fig.  110. 


a thick  platinum  wire,  coiled  round  several  times,  is  employed  as  the 
i anode.  The  resistance  is  so  regulated  that  a current  of  about  1 
ampere  is  obtained ; the  copper  then  separates  out  in  the  course  of  a 
few  hours  as  a rose-red  precipitate  on  the  platinum. 

* Copper  Ferrocyanide— Osmotic  Pressure.— When  dicuprion 
; and  ferrocyanidion  come  together  in  aqueous  solution,  a red-brown, 
amorphous  precipitate  of  cupric  ferrocyanide,  Cu2Fe(CN)G,  is  produced^ 

1 which,  on  account  of  its  strong  colour,  can  be  detected  even  in  very 
• small  amount,  and  is  therefore  used  for  the  identification  of  copper. 

While  the  analytical  importance  of  this  substance  is  rather  small,  it 
ihas,  in  another  respect,  attained  to  very  great  importance  in  the 

(development  of  chemistry.  This  is  due  to  the  following  property. 

If  a porous  clay  cell  is  first  soaked  with  a solution  of  copper 
sulphate,  and  if  this  be  then  removed  and  a solution  of  potassium 
ferrocyanide  placed  in  the  cell,  a precipitate  of  copper  ferrocyanide  is 
formed  in  the  pores  of  the  cell  and  closes  this  up  in  a special  manner. 
If  a cell  of  this  kind,  such  as  was  first  prepared  by  W.  Pfeffer  in  1877, 
ft.  is  filled  with  pure  water,  it  behaves  essentially  like  any  ordinary  clay 
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cell,  for  under  slight  pressure,  the  water  flows  through,  only  mon  i 
slowly  than  when  the  precipitate  is  absent.  If,  however,  instead  o 1 I 
the  pure  water  an  aqueous  solution,  e.g.  of  ordinary  sugar,  is  placer;  i 
in  the  cell,  this  does  not,  in  the  first  instance,  filter  through.  If  tin  < : 
pressure  is  increased,  percolation  commences  at  a definite  pressure,  bu  i § 
it  is  not  the  sugar  solution  that  filters  through  but  pure  water. 

If  the  experiment  is  performed  with  different  solutions  of  sugar  ij 
it  is  found  that  a definite  pressure  is  necessary  in  each  case  in  orde>;| 
that  the  water  may  pass  through,  and  this  pressure  is  proportional  tc , § 
the  concentration  of  the  solution. 

If,  after  being  closed  and  a manometer  attached,  the  cell  is  placec,il 
in  pure  water,  the  latter  continues  to  pass  through  the  cell-wall  unti; 
the  same  pressure  is  produced  as  that  under  which  the  water  could 
be  forced  through  the  cell-wall. 

Various  other  substances  behave  in  a manner  similar  to  sugar  i 
they  are  kept  back  by  the  cell- wall  and  generate  a pressure.  There  are  i 
substances,  however,  which  are  not  kept  back  by  the  cell-wall ; these  ■ 
also,  do  not  generate  a pressure  (or  only  a comparatively  small  one. 
when  they  are  partially  retained). 

We  must  conclude,  therefore,  that  the  pressure  is  due  to  the , 
dissolved  substance  ; the  water  cannot  give  rise  to  it  because  it  can.; 
pass  through  the  cell-wall. 

On  comparing  solutions  of  different  substances  which  do  not  pass- 
through the  cell-wall,  with  respect  to  the  pressure  which  they  produce,- 
it  is  found  that  the  same  pressure  is  produced  by  those  solutions  the  con-', 
centrations  of  which  are  in  the  ratio  of  the  molar  weights  of  the  dissolved 
substances.  These  pressures,  therefore,  which  are  are  called  osmotic* 
gvessures,  could  be  used  for  the  determination  of  the  molar  weight  of 
dissolved  substances,  in  the  same  manner  as  the  depression  of  the 
freezing  point  and  the  lowering  of  the  vapour  pressure  (p.  155). 
The  experimental  difficulties  in  the  carrying  out  of  such  measure-.- 
ments,  however,  are  very  great. 

The  temperature  exercises  an  influence  on  the  osmotic  pressure ; 
under  ordinary  conditions,  the  latter  increases  about  ^rd  per  cent  for 
every  degree. 

On  the  whole,  therefore,  the  osmotic  pressure  follows  similar  laws 
to  the  gas  pressure  ; the  latter  is  also  proportional  to  the  concentration 
or  density  of  the  gas  (Boyle’s  law,  p.  67),  and  for  every  degree 
increases  by  1/273,  i.e.  about  grd  per  cent  (Gay-Lussac’s  law,  p.  6N- 

The  resemblance,  however,  extends  still  further.  If,  for  example,  I 
the  osmotic  pressure  is  determined  which  is  exerted  by  a definite 
solution  of  carbon  dioxide,  it  is  found  to  be  just  as  great  as  that  I 
exerted  by  the  same  amount  of  carbon  dioxide  when  it  occupies  in  t 
the  gaseous  state  the  same  volume  as  the  solution.  Thus  far, 
therefore,  a dissolved  substance  behaves  as  a gas,  and  its  osmotic 
pressure  is  represented  by  the  same  formula,  pv  = RT,  as  the  pressure 


c 


% XXXII 


COPPER 


639 


of  a gas ; more  especially,  also,  the  constant  R has  the  same  value. 
| Now,  it  was  stated  on  p.  89,  that  at  O ’ a mole  of  every  gas  exerts;  a 
pressure  of  one  atmosphere  when  it  occupies  a volume  of  22,400 
| cc.  or  22-4  lit.  If  a mole  of  any  substance  is  dissolved  to  a volume 
of  22 ’4  lit.,  its  solution  exhibits  at  0°  the  osmotic  pressure  of  one 
atmosphere. 

These  laws  are  valid  not  only  for  aqueous  solutions  but  for  all 
: solvents.  They  have  not,  it  is  true,  been  proved  by  direct  experiment 
for  the  other  solvents,  but  they  have  been  indirectly. 

On  comparing  the  laws  of  osmotic  pressure  which  have  just  been 
enunciated  with  those  of  the  changes  of  the  freezing  point  and  vapour 
pressure  (p.  155),  a large  measure  of  agreement  is  found.  This  is  not 
' • accidental,  but  can  be  established  on  theoretical  grounds,  so  that  if  the 
laws  of,  e.g.,  the  depression  of  the  freezing  point  are  given,  those  of  the 
others,  e.g.,  of  the  osmotic  pressure,  can  be  deduced  from  them.  The 
connection  depends  on  the  fact  that  each  of  these  phenomena  can  be 
• : used  for  the  performance  of  a definite  amount  of  work,  and  that  in 
virtue  of  the  theorem  of  the  impossibility  of  a perpetuum  mobile  of  the 
' second  kind  (p.  133),  the  work  yielded  by  a given  change  of  state  must 
be  the  same  in  all  cases,  no  matter  in  what  wav  it.  1C  T ^ 

) 
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piece  of  oxidised  copper,  it  is  found  to  be  generally  red  coloured  o : j 
the  side  next  the  metal,  i.e.  to  consist  of  cuprous  oxide. 

The  corresponding  cuprous  hydroxide,  Cu2(OH)2,  or  Cu(OH),  i* 
obtained  as  a brick-red  powder  by  the  decomposition  of  cuprou  j 
chloride,  to  be  presently  mentioned,  with  caustic  potash  or  soda. 

In  nature  cuprous  oxide  occurs  as  red  copper  ore,  and  is  a ver, 
highly  valued  ore  on  account  of  its  richness  in  copper  ; it  can  readily 
be  converted  into  metallic  copper  by  reduction  with  charcoal. 

Cuprous  oxide  is  also  formed  as  the  product  of  reduction  c 
Fehling’s  solution  with  grape-sugar  and  similar  substances  (p.  643),  an 
can  be  prepared  in  this  way.  In  moist  air  it  is  oxidised  to  cupric  oxid.I 
or  to  basic  carbonate. 

On  treating  cuprous  oxide  or  hydroxide  with  acids,  not  the  corre* 
sponding  cuprous,  but  the  cupric  salts,  are  generally  formed,  and  hal 
of  the  copper  is  deposited  in  the  metallic  state  as  a blackish-red  powdeti 
With  sulphuric  acid,  for  example,  the  reaction  takes  place  according  1 1 
the  equation  Cu20  + H2S04  = Cu  + CuS04  + H20.  On  considering 
the  ions  the  process  can  be  interpreted  as  taking  place  in  such  a wa  , 
that  cuprous  sulphate  is  first  formed,  the  monocuprion  of  which! 
however,  immediately  undergoes  transformation  into  dicuprion  anti 
metallic  copper  : 2Cu'  = Cu"  + Cu.  The  solution  contains  dicuprion 
to  a preponderating  extent,  but  it  is  in  accordance  with  the  genera- 
relations  to  assume  that  it  is  a case  of  chemical  equilibrium  between 
the  two  ions  and  the  metallic  copper,  in  which  a large  concentration 
of  dicuprion  is  opposed  by  a very  slight  concentration  of  monocuprion 
As  a matter  of  fact,  it  has  been  shown  that  on  bringing  metallic  coppe 
into  contact  with  a solution  of  copper  sulphate,  some  of  the  forme-1 
passes  into  solution  with  formation  of  cuprous  sulphate,  i.e.  ~ 

monocuprion.  . . . ., 

If  instead  of  sulphuric  acid  a halogen  hydracid,  thiocyamc  acid,  0.1 

some  other  acid  which  can  form  a very  difficultly  soluble  cuprous  salt 
is  taken,  the  above  decomposition  does  not  take  place,  and  the  respective 
cuprous  compounds  are  formed.  This  is  explained  by  the  fact  thai 
monocuprion  is  present  only  in  a negligibly  small  amount  m the  so  u 
tion  produced,  since,  of  course,  the  salts  are  difficultly  soluble.  Th 
decomposition  of  monocuprion  into  dicuprion  and  metal  can  therefore 
take  place  only  to  an  inappreciably  slight  extent. 

Cuprous  Chloride  is  a white  salt,  only  very  slightly  soluble  u 
water ; it  can  be  obtained  by  boiling  a solution  of  cupric  chloride in 
strong  hydrochloric  acid  with  copper  powder.  The  colour  at  first 
darkens,  but  a yellowish  liquid  is  finally  obtamed,  which  on  tan 
poured  into  much  water  deposits  a snow-white  precipitate  of  cuproo, 
chloride  This  must  be  washed  as  far  as  possible  with  exclusion  of 
as  it  otherwise  rapidly  passes  into  cupric  chloride  (p.  630 

This  reaction  is  the  reverse  of  the  one  given  before  , whe  Jjjj 
previous  case  monqcuprion  decomposes  into  dicuprion  and  metallic 
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copper,  we  have  in  this  case  the  reverse  transformation  of  cupric  salt 
with  metallic  copper  into  cuprous  salt.  The  reason  is  that  in  the 
hydrochloric  acid  solution  monocuprion  is  present  only  in  very  slight 
amount;  indeed,  the  fact  that  cuprous  chloride,  which  is  almost  in- 
soluble in  water,  dissolves  in  hydrochloric  acid,  proves  that  in  this 
case  the  chloride  is  either  dissolved  as  such  (without  dissociation),  or 
that  a compound  of  the  two  constituents,  a hyclrochlorocupric  acid,  has 
been  formed.  No  investigation  has  as  yet  been  carried  out  as  to  how 
far  the  one  or  the  other  possibility  predominates. 

In  ammonia  also  cuprous  chloride  dissolves  to  a colourless  liquid, 
in.  which  cuproammonion,  Cu(NH3)*,  is  contained.  The  chloride  of 
this  ion,  Cu N H;iCl,  can  be  obtained  in  colourless,  regular  crystals  by 
boiling  a solution  of  ammonium  chloride  with  copper  powder  and 
allow  ing  the  liquid  produced  to  cool  slowly.  The  aqueous  solution 
1 becomes  almost  immediately  blue  in  the  air,  oxygen  being  absorbed. 

Both  solutions  of  cuprous  chloride,  the  acid  as  well  as° the  ammoni- 
acal,  absorb  a considerable  amount  of  carbon  monoxide.  This  appears 
to  be  rather  firmly  bound,  but  can  be  removed  from  the  liquid  by 
continued  pumping.  We  are  dealing  in  this  case  with  the  formation 
of  a complex  cation,  similar  to  the  complex  ion  produced  from  dif'errion 
land  nitric  oxide  (p.  582),  which,  like  this,  is  not  very  stable  and 
possesses  an  appreciable  dissociation  pressure.  The  reaction  is’ used 
for  the  determination  of  carbon  monoxide  in  gaseous  mixtures  but 
must,  tor  the  reasons  just  mentioned,  be  employed  with  some  care. 
Cuprous  Bromide,  CuBr,  is  very  similar  to  cuprous  chloride. 

, C.UPr,0US  Iodide  is  formed  along  with  free  iodine,  when  dicuprion 
md  md.d.on  come  together  in  solution,  according  to  the  equation 
-ou  + 41  - 2Cu  1 + L.  In  this  process  we  can  regard  the  dicuprion 
is  losing  a positive  charge,  and  thereby  neutralising  the  negative  charm 
’ one  iodidion.  The  monocuprion  produced  at  once  forms  solid 
uprous  iodide,  with  a second  quantity  of  iodidion,  and  separates  out. 

a reducing  agent  is  added  at  the  commencement,  whereby  the 
icupnon  can  be  converted  to  monocuprion,  cuprous  iodide  alone' with- 
ut  f i ee  iodine  is  deposited.  This  m effected,  for  example,  by  sulphurous 
cid  or  an  acid  solution  of  ferrous  sulphate. 

Since  the  cuprous  iodide  is  soluble  only  to  an  exceedingly  slight 
xtent,  even  very  small  quantities  of  iodine  can  in  this  way  lie  separ 

btin-r  Lsoluton’a,id the  riwd  is  emPio^d 

o taming  iodine  from  the  mother  liquors  containing  iodidion  alone 
pth  comparatively  large  quantities  of  other  halogens.  ° 

Cuprous  iodide  is  a reddish -white,  heavy  powder  which  yields 
pnc  oxide  and  iodine  by  distillation  with  pyrolusite,  and  potassium 
dide  and  cuprous  oxide  by  boiling  with  caustic  potash.  It  dissolves 
jj  a!nnr\onia  similarly  to  cuprous  chloride. 

I B \he  interaction  between  iodidion  and  dicuprion,  described  above 

V °CCUr  In,tanfc“8°“^  **  a measurable  velocity  wS 
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bocomos  very  small  with  increasing  dilution.  Ilius  very  dilute  solutions 
of  copper  sulphate  and  potassium  iodide  can  be  mixed  without  iodine 
at  once  separating  out.  After  some  time,  however,  the  cupious  iodide  t 
begins  to  separate  out,  and  free  iodine  makes  its  appearance.  Chemical  , 
equilibrium  is  then  established  between  the  substances  present,  and  the  j 
reaction  can  become  complete  only  by  the  withdrawal  of  the  one  or 

the  other  constituent  from  the  solution.  _ |«l 

Copper  Thiocyanate,  CuSCN,  is  allied  to  the  substances  just 
described  with  respect  to  its  difficult  solubility,  and  therefore  also  the  . I 
conditions  of  its  formation.  If  thiocyananion  and  a reducing  agent, |d 
such  as  sulphurous  acid,  are  introduced  into  a solution  containing  . . 
dicuprion,  white  cuprous  thiocyanate  is  deposited.  The  reaction 
corresponds  exactly  to  that  described  in  the  case  of  cuprous  iodide,  so 
that  it  need  not  be  again  explained.  It  is  made  use  of  for  the  separa- 
tion of  copper  from  other  metals ; the  precipitated  and  dried  cupronffll 
thiocyanate  is  mixed  with  sulphur  and  ignited  in  a current  of  hydrogen, 
whereby  it  is  converted  into  cuprous  sulphide. 

Other  Cuprous  Compounds. — Cuprous  sulphide  occurs  burly  ■ 
abundantly  in  nature  as  copper  glance , and  is  an  important  copper  ore.  j 
It  is  a dark  coloured  substance  which  forms  rhombic  crystals,  fuses 
fairly  readily,  and  does  not  conduct  electricity.  Its  formation  from 
cupric  sulphide  by  heating  in  hydrogen  has  already  been  mentioned.  8 
On  being  roasted  in  the  air  it  is  converted  into  a mixture  of  cupnc  1 

oxide  and  copper  sulphate.  _ J 

Dicuprion  behaves  towards  cyanidion  in  the  same  way  as  towards  t< 

iodidion  If  the  two  ions  come  together  in  solution  free  cyanog|*j 
is  evolved,  and  cuprous  cyanide  is  deposited  as  a white  precipitate  : 
2Cu"  + 4CN'  - 2CuCN  + (CN)2.  This  is  a convenient  method  of 
obtaining  cyanogen  gas.  In  order  to  have  a copious  evolution  of  gas 
it  is  only  necessary  to  heat  together  equivalent  solutions  of  copper  , 

^'^Oompfex^Copper1  Compounds. — W e have  already  spoken  of  the 
formation  of  a complex  compound  of  dicuprion  and  ammonia  which  a f 


l 


solution,  m tms  rue  now  lun  * . • , . ,1.., 

are  obtained  by  adding  excess  of  ammonia  to  the  solutions  of  the 


respective  coppm  salts^  js  the  s„lphate, 


is  easily  obtained  by  adding  ammonia  to  S concentrated  sohitiono. 
S„;tys"unbtii  the  solution  has  again  ^e£fc- 


cr 


ightly  soluble  in  aiconoi,  dim  “““  ,.  -t  jn 

•ystals  as  the  alcohol  slowly  diffuses  into  the 

l - wav  various  other  salts, of  the  same  ion  can  be  obtained 


the  same  way  various  other  salts  ,oi  tuc  , -ii.-w, 

Solutions  of  these  salts  are  used  in  combating  certain  parasites  (n  > 


1 
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Copper  forms  other  complex  compounds  of  a similar  colour  on 
it  adding  excess  of  alkali  to  cupric  salts  in  presence  of  certain  organic 
■(compounds,  e.g.  sugar  or  tartaric  acid.  In  this  case  also  a dark-blue 
illiquid  is  produced  from  which  a salt  of  the  same  colour  can  be  obtained. 
In  these  salts  acids  containing  copper  are  present,  the  composition  of 
which  depends  on  that  of  the  substance  employed,  and  cannot  be 
discussed  here.  In  general  the  property  of  forming  such  compounds 
is  found  in  the  same  organic  hydroxyl  compounds  as  hinder  the 
precipitation  of  ferric  oxide  by  bases  (p.  582). 

Of  such  compounds  the  best  known  is  Fehling’s  solution,  which  is 
obtained  by  adding  tartaric  acid  and  excess  of  caustic  potash  to 
i solution  of  copper  sulphate.  It  is  a dark-blue  liquid,  which  is 
hanged  by  various  reducing  agents  in  such  a manner  that  it  deposits 
i precipitate  of  red  cuprous  oxide  (p.  640).  It  can  serve,  therefore, 
j 'or  the  detection  of  such  substances,  and  it  is  used  for  this  purpose  in 
■malysis,  e.g.  for  the  detection  of  grape-sugar  in  urine. 

In  the  cuprous  series  some  complex  copper  compounds  have  been 
■dready  mentioned.  It  has  still  to  be  remarked  that  cuprous  cyanide 
!).  lissolves  in  potassium  cyanide  to  form  a colourless  liquid,  from  which 
he  complex  salt  •KCu(CN)2,  the  potassium  salt  of  cuprocyanidion,  is 
bnbtained.  This  solution  is  very  stable,  and  contains  exceedingly  little 
uprion,  so  that  all  solid  copper  compounds,  even  copper  sulphide, 
lissolve  in  potassium  cyanide  with  formation  of  this  complex  salt, 
advantage  is  also  taken  of  this  behaviour  in  analysis. 

Copper  also  forms  a number  of  complex  compounds  in  which 
S ulphur  plays  a part,  and  which  are  derived  from  sulphurous  and 
■hiosulphuric  acids.  This  reference  to  their  existence  must  suffice  here. 

Metallurgy  of  Copper. — On  account  of  the  large  consumption 
f copper  in  the  arts,  its  manufacture  from  the  naturally  occurring  ores 
an  important  industry.  So  long  as  we  are  dealing  with  oxygen 
res,  red  copper  ore,  or  the  basic  carbonates,  reduction  with  charcoal, 
Thich  takes  place  very  readily,  is  all  that  is  necessary.  In  the  case  of 
e sulphurous  ores,  the  most  important  of  which  are  copper  pyrites 
nd  variegated  copper  ore,  the  task  is  more  complicated.  Both  these 
es  are  compounds  of  copper  sulphide  with  iron  sulphide,  and  the 
reparation  of  pure  copper  requires  at  the  same  time  the  elimination  of 
lphur  and  iron.  This  is  rendered  more  difficult  by  the  fact  that  the 
lphur  combines  much  more  firmly  with  copper  than  with  iron,  so 
lat  it  can  be  removed  only  with  difficulty.  On  being  subjected  to  an 
xidising  process  of  roasting,  ferrosoferric  oxide  is  chiefly  formed  along 
ith  cuprous  sulphide,  and  by  fusing  this  mixture  with  the  addition 
f siliceous  substances,  a slag  consisting  essentially  of  iron  silicate  and 
mixture  or  an  alloy  of  copper  and  cuprous  sulphide,  is  obtained  by 
ipeating  the  operation.  When  the  amount  of  sulphur  has  become 
ifficiently  small,  the  crude  copper  (black  copper)  is  cast  into  plates 
id  subjected  to  electrolysis  in  an  acid  solution  of  copper  sulphate, 
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with  a.  piece  of  copper-foil  as  cathode.  In  this  way  puie  copper  is 
obtained,  and  the  copper  sulphide,  which  along  with  the  other  impuri- 
ties forms  the  anode  mud,  is  again  fused  along  with  other  portions  of 

the  ore.  , , . , ...  , 

The  development  of  the  method  of  electrolytic  deposition  has 

further  led  to  the  extraction  of  the  copper  ores  in  the  wet  way,  the  - 
metal  being  separated  electrolytically  from  the  solutions  of  copper  salt  • t 
obtained.  For  this  purpose  ferric  salts  are  mostly  used,  which  dissolve  q 
the  cuprous  sulphide  with  formation  of  cupric  salt,  themselves  being , 
reduced  to  ferrous  salts,  and  sulphur  being  deposited.  J 

On  re-fusing  the  copper,  cuprous  oxide  is  formed,  which  dissolves 
in  the  liquid  metal,  but  on  cooling  again  separates  out  and  renders  it 
brittle.  For  this  reason  the  copper  directly  before  being  cast  must  b«| 
subiected  to  a reducing  treatment  (stirring  with  a pole  of  wet  wooH 
If  the  reduction  is  carried  too  far  the  tenacity  of  the  copper  m| 
impaired,  presumably  through  the  conversion  of  traces  of  other  metallic; 
oxides  into  the  metallic  state.  This  last  operation  must,  therefore,  he  < 
performed  with  care  and  frequent  sampling. 
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LEAD 


Gteneral. — Lead  is  allied  to  strontium  and  barium  in  like  manner  as 
Dine  and  cadmium  are  allied  to  magnesium.  Calcium,  which  exhibits 
relations  of  isomorphism  in  both  directions,  stands  in  the  middle.  On 
he  other  hand,  lead  is  decidedly  a heavy  metal,  and  forms  an  insoluble, 
[lark-coloured  sulphur  compound. 

In  nature  lead  is  fairly  widely  distributed.  Its  most  important 
jiaturally  occurring  ore  is  lead  sulphide,  from  which  by  far  the  largest 
amount  of  the  metal  is  obtained.  The  carbonate  and  the  sulphate, 
which  are  isomorphous  with  the  corresponding  salts  of  strontium  and 
parium,  are  also  found. 

Metallic  lead  has  been  known  from  olden  times,  as  it  can  be  readily 
obtained  from  its  ores.  Its  many  applications  depend,  on  the  one 
wand,  on  its  low  melting  point,  326°,  and  its  great  density,  11  -4,  and, 
i>n  the  other  hand,  on  its  softness  and  consequent  plasticity.  The  last 
property  renders  it  possible,  especially  at  a somewhat  higher  tempera- 
ture, to  form  lead  by  pressure  like  a plastic  mass,  and  in  this  way  to 
produce  wire,  tubing,  and  such  like. 

In  moist  air  lead  oxidises  very  rapidly,  but  only  superficially,  so 
[hat  on  the  Avhole  it  is  fairly  resistant.  It  should  be  mentioned  here 
jhat  it  resists  the  action  of  perfectly  pure  water  much  less  than  that 
jf  ordinary  spring  or  river  water.  This  is  due  to  the  fact  that  in  the 
brmer  case,  under  the  joint  action  of  water  and  atmospheric  oxygen, 
pad  hydroxide  is  produced,  which  is  slightly  soluble  in  water,  and 
•lierefore  does  not  protect  the  lead.  In  impure  water,  which  contains 
lulphanion  and  carbanion,  the  corresponding  lead  salts  are  formed, 
phich  have  an  extremely  small  solubility,  and  form  a firmly  adhering 
|iyer  on  the  lead.  Thus  lead  pipes  can  be  quite  well  used  for  the 
Irdinary  water  supply,  but  not  for  distilled  water. 

The  combining  weight  of  lead  has  been  determined  by  the  conver- 
| on  of  the  metal  into  the  oxide,  and  vice  versa.  It  has  been  found  to 
!ePb  = 206-9. 

Plumbion. — Lead  forms  only  one  divalent  elementary  ion,  but 
Resides  this  several  containing  oxygen,  and  also  complex  ions. 
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Plumbion,  Pb",  is  colourless,  and  in  its  compounds  resembles  barion 
in  many  respects.  It  is  a powerful  poison  for  higher  organisms,  and 
through  accumulation  is  very  harmful  when  repeatedly  taken  into  the 
system  even  in  small  doses.  For  this  reason  workmen  who  have  to 
work  with  lead  are  constantly  exposed  to  the  poisonous  action,  and 
great  attention  and  cleanliness  are  required  in  order  to  restrict  the 

danger. 

The  heat  of  formation  of  plumbion  from  the  metal  is  + Ik j. 

Corresponding  to  its  position  in  the  potential  series,  lead  has  no 
special  tendency  to  pass  into  the  ionic  state.  Free  acids  aie  notij 
appreciably  decomposed  by  lead,  so  that  oxidising  agents  must  grad 
employed,  in  order  to  dissolve  it.  The  best  solvent  for  metallic  lead  is 
nitric  acid,  which  forms  one  of  the  few  readily  soluble  lead  salts,  ihobh 
of  the  lead  salts  being  difficultly  soluble. 

From  the  solutions  of  the  salts,  bases  give  a white,  flocculent 
precipitate  of  lead  hydroxide , Pb(OH)2,  which  does  not  dissolve  in  excess  - 
of  ammonia,  but  is  soluble  in  excess  of  alkali.  _ The  reason  is  the 
same  as  in  the  case  of  alumina,  which  behaves  in  a similar  manner* 
By  splitting  off  hydrion,  lead  hydroxide  can  form  anions  of  the  com-  > 
position  PbO,"  and  HPbO/,  the  alkali  salts  of  which  are  soluble  in 

Lead  hydroxide  is  slightly  soluble  in  water.  It  is  readily  formed  < 
when  lead,  water,  and  atmospheric  oxygen  come  together.  Strang^ 
to  say,  in  this  oxidation,  as  in  many  others  which  occur _ vith  free, 
oxygen  in  presence  of  water,  hydrogen  peroxide  is  formed  at  the  same 
time.  Measurements  have  shown  that  the  amount  of  peroxide  correji 
sponds  to  that  of  the  lead  hydroxide,  so  that  the  reaction  has  to  be 

written  as  follows  : — 


it  i 


Pb  + 2H.,0  + 09  = Pb(0H)2  + H.202. 


* It  is  probable  that  the  first  product  of  the  reaction  is  a single  ^ 
substance  perhaps  a compound  Pb(OH)4,  which  decomposes  into- 
Phi  OH)  ’ and  H909.  This  reaction  would  then  be  another  example! 
Ke  L that Dunstable  compounds  are  usually  forced  More  t e 
stable.  This  view,  however,  is  rendered  somewhat  douMMb,  tk 
properties  of  the  anhydride  of  the  assumed  compound  Pb(OH)#  ■ 
lead  neroxide  PbO„  which  is  a well-known  stable  substance.  Jj 

leaVZ  formatfon  of  hydrogen  peroxide,  or  of  other  compound 
belonging  to  the  peroxide  type  has  been  proved 1 m the  ca*  of  man? 
oxidations  by  free  oxygen,  so  that  it  appears  to  be  the  nde 
peroxide,  certainly,  generally  decomposes  so  rapidly J^  ev0™  onlf 
free  oxygen  that  its  whole  amount  can  never  be  determined,  J 

very  slight  traces  are  found  if  special  precautmns  are 

The  rational  interpretation  of  these  long  neB  . - 

ral  phenomena  is  given  by  the  law  above-mentioned  of  the  occur 


XXXIII 


LEAD 


G47 


| rence  of  the  unstable  forms  ; this  view,  however,  still  awaits  general 

q application.  _ . 

Lead  hydroxide  loses  water  very  readily  and  passes  into  the  pale- 
. yellow  coloured  lead  oxide,  PbO.  The  same  compound  is  obtained  in 
any  desired  amount  by  heating  lead  to  above  its  melting  point  in  the 
air  ; if  the  temperature  is  raised  above  its  melting  point,  it  forms 
t reddish-yellow,  lustrous  scales,  and  in  ordinary  life  is  called  litharge. 

It  is  used  for  many  purposes  in  the  arts,  e.g.  in  the  manufacture  of 
} glass,  for  the  preparation  of  varnish,  in  dyeing,  etc. 

Lead  Chloride,  PbCl2,  is  slightly  soluble  in  cold  water,  more 
. soluble  in  hot,  and  crystallises  in  anhydrous  needles.  It  unites  with 
lead  oxide  to  form  basic  salts,  which  are  obtained  by  heating  ammonium 
i;  chloride  with  litharge ; they  are  of  a pale  yellow  colour,  and  are  used 
, as  a pigment  under  the  name  Naples  yellow. 

Lead  bromide  is  similar  to  the  chloride,  only  still  less  soluble. 

Lead  iodide,  Pbl2,  is  still  more  difficultly  soluble.  It  crystallises 
from  hot  saturated  solutions  in  laminae  of  a gold  lustre ; precipitated 
i from  a dissolved  lead  salt  in  the  cold  by  means  of  an  iodide,  it  is 
obtained  as  a yellow  powder.  It  undergoes  slight  decomposition  in 
light,  so  that  a mixture  of  lead  iodide  and  starch  when  exposed  to 
: sunlight  rapidly  becomes  dark  through  formation  of  starch  iodide.  It 
p unites  with  potassium  iodide  to  form  a double  salt,  which  is  stable 
i only  in  contact  with  solutions  which  contain  a large  excess  of  potassium 
> iodide ; it  is  decomposed  by  pure  water  with  separation  of  lead  iodide. 

Lead.  Nitrate,  Pb(N03)2,  crystallises  anhydrous  in  forms  of  the 
v regular  system,  and  is  isomorphous  with  barium  nitrate.  It  is  easily 
obtained  by  dissolving  lead  or  lead  oxide  in  dilute  nitric  acid  ; by  con- 
; centrated  acid  it  is  precipitated  from  its  solutions,  owing  to  the  increase 
of  the  concentration  of  nitranion.  Strong  nitric  acid  is  therefore 
(i  almost  without  action  on  the  metal,  because  the  nitrate  produced  forms 
a protecting  layer. 

On  being  heated,  lead  nitrate  decomposes  into  lead  oxide,  oxygen, 
and  nitrogen  peroxide:  2Pb(N03)2  = 2PbO  + 4N02  + 02.  This  be- 
haviour is  made  use  of  for  the  preparation  of  nitrogen  peroxide 
i (p.  328). 

Lead  Sulphate,  PbS04,  is  a white  salt  extremely  difficultly  soluble 
in  water,  and  is  always  formed  when  plumbion  and  sulphanion  come 
together  in  solution.  It  is  very  similar  to  barium  sulphate,  but  by 
: reason  of  its  greater  density  it  is  deposited  more  rapidly  than  it  from 
1 solutions.  It  is  readily  soluble  in  a solution  of  ammonium  tartrate 
• containing  excess  of  ammonia,  and  is  thereby  easily  distinguished 
from  barium  sulphate.  This  solubility  depends  on  the  formation  of  a 
complex  acid,  the  lead  uniting  with  the  anion  of  tartaric  acid  to  form 
a complex  compound.  This,  again,  is  another  case  of  the  formation  of 
organic  hydroxyl  compounds  containing  metals,  which  has  been  several 
times  mentioned  (pp.  572  and  643).  Since  plumbion  is  withdrawn  from 
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the  solution  through  the  formation  of  this  complex,  lead  sulphate  must 
pass  into  solution  in  order  to  cover  the  loss,  and  this  goes  on  either 
until  all  the  lead  sulphate  is  dissolved,  or  until  chemical  equilibrium 
has  been  established  between  the  different  components  of  the  solution 
and  the  solid  salt. 

Lead  sulphate  occurs  in  nature  in  rhombic  crystals  which  are  iso- 
morphous  with  those  of  heavy  spar  and  celestine,  and  which  are  called  < 
anglesite  or  lead  vitriol.  The  salt  also  occurs  as  an  intermediate  pro- 
duct in  working  up  lead  sulphide  for  metallic  lead. 

To  the  difficult  solubility  of  lead  sulphate  is  due  the  use  of  lead  for 
lining  the  reaction  chambers  and  concentrating  pans  used  in  the  manu- 
facture of  sulphuric  acid  (p.  286).  Under  the  action  of  the  acid  the 
metal  very  rapidly  becomes  covered  with  a firm  layer  of  sulphate, 
which  protects  the  underlying  metal. 

Lead  sulphate  is  appreciably  soluble  in  concentrated  sulphuric  acid, 
and  crude  sulphuric  acid  almost  always  contains  a large  amount  of 
lead.  Whether  this  is  due  to  the  formation  of  acid  sulphate, 
PbH2(S04)2,  or  whether  sulphuric  acid  is  a solvent  for  lead  sulphate 
as  such,  has  not  yet  been  decided.  On  diluting  with  water,  the  lead 
sulphate  is  again  precipitated,  since,  owing  to  the  presence  of  sul- 
phanion,  it  is  still  less  soluble  in  dilute  sulphuric  acid  than  in  pure 
water 

-f  This  behaviour,  viz.  that  the  solubility  of  a salt  in  water  is  first 
diminished  and  then  increased  by  the  addition  of  its  acid,  is  fairly 
general.  The  diminution  is' a regular  phenomenon  ; it  is  due,  as  has 
just  been  said,  to  the  presence  of  the  anion  by  reason  of  which  the 
solubility  product  is  reached  even  at  a much  smaller  concentration  of 
the  cation  (by  which  the  solubility  of  the  salt  is  here  measured).  The 
frequently  occurring  increase  of  the  solubility  in  very  concentrated 
acid  has  generally  its  cause  in  the  formation  of  a new  soluble  com- 
pound between  acid  and  salt.  . , , 

On  account  of  its  difficult  solubility,  lead  sulphate  is  used  for  the 
separation  of  plumbion  from  its  solutions  in  qualitative  and  quantita- 
tive analysis.  In  order  that  nothing  may  be  lost  in  the  washing,  the 
sulphate  is  first  washed  with  dilute  sulphuric  acid,  and  this  is  then  dis- 
placed by  alcohol,  in  which  the  sulphate  is  much  less  soluble  than  up 

Wcitor  • 

Lead  Chromate— On  mixing  solutions  containing  chromamon 

and  plumbion,  a yellow  precipitate  of  lead  chromate  is  produced,  which 
is  very  difficultly  soluble  in  water,  and  which,  on  account  of  its  stiong 
colour,  is  used  as  a pigment  under  the  name  chrome  yellow.  hen 
mixed  with  Prussian  blue,  chrome  yellow  gives  a fine  green  cl 
called  “ green  cinnabar.”  Basic  lead  chromate  has  a yellowish-red J 
vermillion-recl  colour,  and  is  also  used  as  a pigment  under  the  name 

chrome  orange  and  chrome  red.  ' . - , , . • iw 

The  same  precipitate  of  normal  lead  chromate  is  also  obtai  y 
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using  a solution  of  a dichromate  as  the  precipitant ; hydrion  is  thereby 
, produced,  and  the  solution  reacts  acid.  The  details  of  this  process  are 
i-  exactly  the  same  as  in  the  case  of  the  precipitation  of  barium  salts 
i with  dichromates  (p.  606).  If  the  anion  of  the  lead  salt  is  that  of  a 
strong  acid,  the  precipitation  under  these  conditions  remains  incom- 
j plete,  since  the  hydrion  formed  reduces  the  concentration  of  the 
chromanion  and  increases  that  of  dichromanion  to  such  an  extent  that 
•i  the  solubility  product  of  lead  chromate  is  no  longer  reached.  If, 
/t  however,  the  lead  salt  of  a weak  acid  is  employed,  e.g.  lead  acetate, 
i precipitation  is  practically  complete,  because  the  hydrion  produced  is 
•i  for  the  most  part  converted  into  undissociated  acetic  acid. 

Lead  chromate  dissolves  in  strong  bases  with  formation  of  a yellow 
d liquid.  Since  chromanion  is  contained  in  this,  the  plumbion  must  have 
of  also  disappeared,  as  otherwise,  solution  would  be  impossible.  As  a 
■matter  of  fact,  the  cation,  Pb",  is  converted  into  the  anion  Pb02" 
(p.  646)  under  the  influence  of  the  large  amount  of  hydroxidion  pre- 
H sent : Pb"  + 40H'  = Pb02"  + 2H20. 

* This  behaviour  is  evidently  a general  one  ; all  hydroxides  which, 
9 like  lead  hydroxide,  possess  both  basic  and  acid  properties,  must 
u|  exhibit  the  same  reaction,  i.e.  the  difficultly  soluble  salts  which  they 
form  with  any  acids  are  dissolved  by  alkalis.  This  is,  as  a matter  of 
fact,  the  case ; thus,  the  difficultly  soluble  salts  of  alumina,  such  as  the 
phosphate,  dissolve  readily  in  a solution  of  caustic  potash. 

Besides  being  used  as  a dye,  lead  chromate  is  also  employed  in  the 
laboratory,  similarly  to  copper  oxide,  as  an  oxidising  agent  in  the 
elementary  analysis  of  organic  substances. 

Lead  Acetate,  Pb(C202H3)23H20,  or  sugar  of  lead  (so  called  from 
its  sweet  taste),  is,  of  all  the  lead  salts,  the  one  most  used  in  the  arts, 
since  it  is  readily  soluble,  and  therefore  allows  of  the  employment  of 
plumbion  where  necessary.  It  is  obtained  by  the  action  of  crude 
acetic  acid  on  lead  oxide,  the  salt  being  purified  by  crystallisation. 

Lead  acetate  is  very  readily  soluble  in  water  ; its  solutions  are 
generally  slightly  turbid  owing  to  the  presence  of  a white  precipitate. 
The  latter  consists  of  lead  carbonate,  which  is  formed  by  the  action  of 
the  carbonic  acid  in  the  air  on  the  salt ; this  action  is  facilitated  by 
the  volatility  of  acetic  acid. 

If  carbon  dioxide  is  passed  into  a solution  of  lead  acetate,  lead 
carbonate  is  immediately  deposited  as  a white,  crystalline  precipitate. 
The  reaction  is,  however,  not  complete,  and  an  equilibrium  is  finally 
produced  in  the  solution  between  the  remaining  plumbion,  acetanion, 
carbanion,  hydrion,  and  the  undissociated  substances  produced  from 
dtese  ions.  No  carbonate  is  precipitated  by  cai’bon  dioxide  from  the 
ead  salts  of  strong  acids,  e.g.  lead  nitrate,  nor  from  the  acetate  if 
sufficient  acetic  acid  has  been  added  at  the  commencement. 

The  relations  obtaining  here  are  fairly  similar  to  those  found  in 
ohe  precipitation  of  the  zinc  salts  by  sulphuretted  hydrogen  (p.  623), 
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much  smaller  concentration  of  hydrion  is 


only  that  in  this  case  a 
sufficient  for  equilibrium. 

Lead  oxide  dissolves  abundantly  in  solutions  of  normal  lead 
acetate,  and  forms  basic  salts,  several  of  which,  e.g.  Pb(C202H3)(0H), 
have  been  prepared  in  the  solid  State.  The  solutions  are  called 
- vinegar  of  lead,  and  are  employed  in  medicine  and  as  a reagent  in  the 
laboratory.  They  contain  appreciable  amounts  of  hydroxidion,  for 
they  react  alkaline  to  vegetable  colours. 

Lead  Carbonate,  PbCO;i,  can  be  obtained  as  a white  precipitate 
from  solutions  in  which  the  ions  Pb"  and  CO3"  come  together.  Like 


iiom  - O'-1 

magnesium,  lead  has,  although  in  a less  pronounced  degree,  the 


tendency  to  form  basic  carbonates.  In  nature  the  normal  carbonate" 
is  found  in  the  rhombic  forms  of  aragonite,  with  which  it  is  isomor 
phous,  and  is  called  white  lead  or  cerussite.  I 

White  lead,  the  white  pigment  most  largely  employed,  is  a mixture 
of  various  basic  carbonates.  It  is  obtained  by  allowing  carbon 
dioxide  to  act  on  lead  oxide  ; to  facilitate  the  reaction,  acetic  acid  h 
generally  used  as  an  auxiliary  substance.  According  to  the  older 
Dutch  process,  spirally  rolled  lead  plates  were  placed  in  pots  in  which 
there  was  a little  vinegar,  and  were  covered  with  dung  which  yields 
the  carbon  dioxide  by  its  slow  oxidation  in  the  air.  In  these  circum- 
stances, the  lead  plates  become  covered  with  a layer  of  basic  carbonate 
which  is  shaken  off  from  time  to  time.  At  present,  it  is  usual  to  tritu- 
rate litharge  with  some  lead  acetate  and  water,  and  to  pass  carbons 
dioxide  (obtained  by  heating  limestone)  over  the  mixture.  Further, 
a solution  of  basic  acetate  can  be  prepared  from  lead  acetate  and* 
litharge,  and  this  be  decomposed  with  carbon  dioxide.  In  this  way, 
normal  carbonate  is  precipitated,  while  acetic  acid,  along  with  some 
lead  acetate,  is  left  in  solution.  The  liquid  is  again  used  to  dissolve^ 
lead  oxide,  and  so  on.  As  can  be  seen,  the  same  reactions  which  here| 
occur  separately  took  place  also  in  the  first  process  side  by  side. 

* Lead  acetate  here  plays  the  role  of  a catalyser  by  accelerating 
the  combination  of  carbon  dioxide  and  lead  oxide,  a combination  wlucbf 
would  take  place  without  its  presence,  only  too  slowly  for  manufao* 
turing  purposes.  In  the  present  case  the  cause  of  the  acceleration  car 
be  recognised  to  some  extent,  since  by  means  of  the  acetic  acid  thd 
lead  oxide  is  converted  into  the  dissolved  condition  111  which  it  cars 
more  readily  unite  with  the  carbon  dioxide.  . J 

In  other  words,  the  velocity  of  the  action  of  acetic  acid  on  W* 
oxide,  and  the  precipitation  of  the  carbonate  by  carbon  dioxide  aw 
together  much  greater  than  the  velocity  of  direct  combination  of  tort 
oxide  with  carbon  dioxide.  It  is  probable  that  it  will  be  possib 
attribute  many  cases  of  catalytic  action  to  such  causes.  _ 

* The  characteristic  of  this  explanation  is  that  111  place  0 
direct  reaction,  a series  of  intermediate  reactions  occur,  which  1^ 
to  the  same  final  result  as  the  direct  reaction.  If  these  intei  media f 
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reactions  occur  more  rapidly  than  the  direct  reaction,  the  explanation  of 
[ the  catalytic  accelerating  action  of  the  intermediate  substance  is  given. 

Through  overlooking  the  most  essential  part  of  this  explanation,  how- 
i ever,  one  has  become  accustomed  to  see  an  “explanation  ” of  catalytic 
^ accelerations  in  the  mere  ■possibility  of  such  intermediate  reactions,  with- 
J out  thinking  of  the  necessity  of  proving  that  these  intermediate  re- 
' actions  must  proceed  more  rapidly  than  the  direct  reaction,  if  the 
a entire  process  is  to  be  accelerated. 

Lead  Sulphide. — From  solutions  containing  plumbion,  sul- 
1 phuretted  hydrogen,  even  in  the  presence  of  hydrion  (if  this  is 
: not  too  concentrated)  precipitates  brown-black  lead  sulphide.  Con- 
id  centrated  acid  prevents  the  precipitation,  or  re-dissolves  the  precipi- 
i tated  sulphide.  We  are  again  dealing  here  with  one  of  the  equilibria 
which  have  been  repeatedly  discussed,  and  which  in  this  case  is  char- 
acterised  by  a very  slight  solubility  of  the  sulphide,  and  therefore  a 
id  considerable  lack  of  sensitiveness  to  hydrion. 

This  solubility  is  so  small  that  even  the  small  amount  of  plumbion 
\\  contained  in  the  complex  salts  is  sufficient  to  exceed  the  solubility 
product  on  passing  in  sulphuretted  hydrogen.  For  this  reason,  all 
| lead  salts,  even  the  complex  ones,  are  precipitated  by  sulphuretted 
; hydrogen. 

Nitric  acid  oxidises  lead  sulphide  to  sulphate. 

In  nature,  lead  sulphide  occurs  in  the  form  of  regular  cubes  with 
L.  a grey  metallic  lustre.  It  is  a soft  mineral  of  great  density  (7*5), 
{ which  is  widely  distributed  and  is  called  galena.  This  is  the  most  im- 
; portant  lead  ore. 

Compounds  of  Tetravalent  Lead. — As  in  the  case  of  copper, 
where  the  salts  of  the  monovalent  type  were  known  only  in  the  solid 
state,  since  monocuprion  immediately  underwent  transformation  in 
solution,  so,  similarly,  there  is  a series  of  lead  compounds  which  can  be 
referred  to  tetravalent  plumbion,  Pb"",  although  this  ion  does  not  occur 
> to  any  considerable  extent  in  solution.  The  reason  of  the  instability 
i of  such  salts  is,  however,  to  be  found  in  another  direction  ; it  has  to  be 
a sought  for  in  the  fact  that  the  anhydride  of  the  tetravalent  hydroxide 
S'  (Pb02  = Pb(OH)4  - 2H20)  is  a particularly  stable  and  difficultly 
fl  soluble  compound  which,  with  the  co-operation  of  water,  is  always 
I ! formed  in  cases  where  the  tetravalent  ion  Pb'”‘  might  be  expected. 

! The  hydrolytic  reaction,  Pb“"  + 2H20  = Pb02  + 4H',  therefore  takes 
>>  place,  i.e.  lead  peroxide  and  free  acid  are  formed. 

Lead  peroxide,  Pb0.2,  is  a brown  substance  which  has,  in  the  crystal- 
Jr  line  condition,  an  almost  metallic  lustre ; it  is  practically  insoluble  in 
i water,  and  is  always  formed  when  lead  compounds  are  subjected  to 
powerful  oxidising  actions.  It  is  generally  prepared  by  the  action  of 
i bleaching  powder  on  lead  chloride  in  alkaline  solution;  it  is  used  in 
-■■I  considerable  quantities  as  an  oxidising  agent  in  the  chemical  industries. 

On  being  carefully  heated  in  the  air,  lead  oxide  also  undergoes 
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oxidation,  not,  however,  to  the  peroxide  but  to  a compound  of  that 
with  lead  oxide  : 2PbO  + Pb02  = Pb304.  The  product  is  a powder  of 
a bright  red  colour,  which  has  been  known  for  a long  time,  and  is 
employed  as  a pigment ; it  is  called  minium  or  red  lead. 

* From  this  name  is  derived  the  designation  miniature  for  the 
ornamental  designs  on  manuscripts,  because  of  the  use  of  this  pigment 
(or  of  cinnabar,  which  was  formerly  confused  with  it)  for  that  purpose,  'it 
At  the  present  day,  the  word  has  another  signification,  which  has  but 
a slight  connection  with  the  original  one. 

On  treating  minium  with  dilute  acids  which  form  soluble  lead 
salts,  e.g.  nitric  acid,  lead  nitrate  passes  into  solution,  and  lead  per-  \ 
oxide  remains  behind  as  a brown  powder:  Pb304  + 4HN03  = Pb02 + 
2Pb(N03)9.  In  this  way  lead  peroxide  was  formerly  chiefly  obtained. 

Another  and  very  important  method  of  preparing  lead  peroxide  is 
by  the  conversion  of  lead  salts,  e.g.  of  lead  sulphate  in  dilute  sulphuric 
acid,  by  means  of  the  electric  current  at  the  anode.  By  means  of  the 
current,  sulphanion,  S04,r,  is  brought  to  the  anode  and  discharged,  and 
there  occurs  the  reaction  PbS04  + S04  + 2H20  = Pb02  + 2H2S04.  In 
accordance  with  what  was  stated  above,  it  can  be  assumed  that 
there  first  occurs  the  reaction  PbS04  + S04  = Pb(S04)2,  the  sulphate 
of  tetravalent  lead  being  formed  ; this  is  hjMrolytically  dissociated  by  . 
the  water  and  passes  into  lead  tetrahydroxide  and  sulphuric  acid,  or 
lead  peroxide  and  sulphuric  acid,  according  to  the  equation  Pb(S04),  + 
2H20  = Pb02  + 2H2S04.  These  reactions  are  of  great  importance 
for  the  construction  of  electrical  accumulators,  and  will  presently  he 


considered  more  in  detail. 

If  lead  peroxide  is  treated  with  anhydrous  or  only  slightly 
hydrated  acids,  with  which  therefore  hydrolysis  is  excluded,  the 
corresponding  saline  derivatives  can  be  obtained.  Thus,  lead  per- 
oxide dissolves  in  fuming  hydrochloric  acid  in  the  cold  to  a dark- 
coloured  liquid  from  which,  by  the  addition  of  ammonium  chloride, 
a yellow  ammonium  salt  of  hydrochloroplumbic  acid,  (NH4)2PbClc,  is 
obtained  ; on  decomposing  this  with  concentrated  sulphuric  acid  the 
acid  H2PbCl6  is  formed,  which  immediately  decomposes  into  hydrogen 
chloride  and  lead  tetrachloride,  PbCl4.  The  tetrachloride  is  found  to 
be  a yellow  liquid  which  does  not  solidify  till  -15,  and  which 
readily  decomposes  into  lead  chloride  and  chlorine.  W hen  dissoh  ed 
in  much  water  it  undergoes  the  above-mentioned  hydrolytic  dissocia- 
tion into  hydrochloric  acid  and  lead  peroxide  : PbCl4  + -HA  - 


Pb02  + 4HC1.  , . , 

The  sulphate  and  acetate  of  tetravalent  lead  can  also  be  preparea 
under  suitable  conditions ; they  are  yellow  salts  which  are  coloured 
brown  by  water  owing  to  the  separation  of  peroxide. 

The  hypothetical  lead  tetrahydroxide  can  also  act  as  an  acid,  the 
hydrogen  of  the  hydroxyl  being  split  off  as  ion.  As  can  be  seen  from 
the  formula  PJ4Pb04  and  that  of  its  first  anhydride,  H.,Pb03,  a tetra- 
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valent  as  well  as  a divalent  acid  can  be  derived  from  the  tctra- 
hydroxide.  Minium  can  be  regarded  as  the  lead  salt  of  the  tetrahasic 
acid,  for  if  we  replace  the  4H  by  2Pb  we  obtain  Pb2Pb04  = Pb^O,,  the 
formula  of  minium.  The  decomposition  of  the  latter  also  by  means 
of  dilute  acids  speaks  in  favour  of  this  view ; acids  first  effect  the 
formation  of  the  free  plumbic  acid  which  decomposes  into  water  and 
the  anhydride,  lead  peroxide. 

Another  compound  of  the  tetrahasic  acid  is  that  with  lime,  which 
is  formed  by  heating  a mixture  of  lead  oxide  and  lime  in  the  air, 
whereby  oxygen  is  taken  up.  Ori  being  heated  in  carbon  dioxide, 
the  salt  is  decomposed  into  calcium  carbonate,  lead  oxide,  and  oxygen  ; 
on  being  heated  in  the  air  the  carbon  dioxide  again  escapes,  oxygen 
is  again  absorbed,  and  calcium  plumbate  is  formed.  A commercial 
method  of  obtaining  pure  oxygen  has  been  based  on  these  transfor- 
mations. 

The  alkali  metals,  on  the  other  blind,  yield  salts  of  the  dibasic  acid. 
Lead  peroxide  dissolves  jn  a strong  solution  of  caustic  potash,  and 
from  the  solution  the  salt  K.2Pb03  + 3H20  can  be  obtained  in  the 
crystalline  condition.  In  the  solution  which  contains  excess  of  caustic 
potash,  the  presence  of  the  tetravalent  ion  Pb04""  may  also  be  assumed. 

The  Lead  Accumulator. — If  two  lead  plates,  one  of  which  is 
covered  with  lead  peroxide,  are  placed  in  dilute  sulphuric  acid,  an 
effective  voltaic  cell  is  obtained  the  potential  of  which  is  2 -0  volts,  and 
which  can  yield  a strong  current.  The  chemical  process  taking  place 
in  this  cell  consists,  on  the  one  hand,  of  metallic  lead  being  converted 
into  lead  sulphate,  just  as  the  zinc  of  the  Daniell  cell  is  converted  into 
zinc  sulphate,  only  that  in  this  case  the  lead  sulphate,  on  account  of 
its  difficult  solubility,  forms  a firm  layer  on  the  electrode.  On  the 
other  hand,  the  lead  peroxide  is  reduced  from  the  tetravalent  stage  to 
the  divalent,  and  also  forms  lead,  sulphate  with  the  sulphuric  acid 
present.  The  reaction  which  yields  the  energy  for  the  current  is 
therefore  represented  by  the  ecpiation 

Pb  + Pb0.2  + 2H2S04  = 2PbS04  + 2H20. 

The  remarkable  thing  about  this  cell  is  that  it  can  be  easily 
reversed.  That  is  to  say,  if  a current  is  passed  through  the  cell  in 
the  opposite  direction,  the  sulphate  is  at  the  one  pole  reduced  to 
metallic  lead,  and  at  the  other  oxidised  to  lead  peroxide  (p.  652). 
The  cell,  therefore,  again  passes  into  its  former  condition,  and  can 
again  yield  a current. 

At  first  sight,  this  appears  a fact  of  very  small  importance.  For 
according  to  the  law  of  the  conservation  of  energy  there  can  be 
obtained  from  the  charged  cell  only  as  much  electrical  energy  as  was 
used  up  in  the  charging ; in  all  circumstances,  therefore,  there  is  no 
gain,  and  indeed,  in  consideration  of  the  unavoidable  losses,  there  is 
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even  a profitless  consumption  of  electrical  energy.  This  is  certainly 
the  case;  the  advantage,  however,  which  lies  in  the  possibility  of 
storing  comparatively  large  tjuan titles  of  electrical  energy  in  a small 
weight,  and  of  rendering  any  portion  of  it  available  for  use  whenever 
desired,  is  so  great  that  the  above-mentioned  loss  is  willingly  accepted. 
Consider,  for  example,  a factory  in  which  large  amounts  of  electrical 
energy  are  required  from  time  to  time,  while  in  the  intervals  little  is  * j 
necessary ; the  dynamo  would  then  have  to  be  large  enough  to  supply 
the  powerful  currents  without  being  damaged,  while  in  the  intervals  it 
would  have  to  run  empty.  If,  however,  an  electrical  accumulator  were 
connected  with  the  plant,  the  dynamo  would  have  to  be  constructed 
only  for  the  average  consumption  and  not  for  the  maximal,  since 
during  the  time  of  large  consumption  the  accumulator  would  yield 
energy,  while  in  the  intervals  of  small  consumption  the  accumulator 
would  take  up  the  energy  of  the  dynamo  and  retain  it  for  use  when 
required. 

This  result  would  be  obtained  by  inserting  a voltaic  cell  which  can 
act  in  the  double  manner,  i.e.  which  can  on  the  one  hand  yield  a 
current,  and,  on  the  other,  can  store,  by  means  of  the  reverse  chemical 
reaction,  the  current  of  opposite  direction.  This  property  is  possessed  . 
by  many  cells,  e.g.  the  Daniell,  in  which,  by  the  reverse  current,  zinc 
is  deposited  and  copper  dissolved,  copper  sulphate  therefore  being 

Hitherto,  however,  the  lead  accumulator  which  has  just  been  . 
described  is  the  only  one  which  has  proved  to  possess  vitality,  since 
it  has  the  advantage  of  containing  only  one  metal.  This  is  xendeied  l 
possible  by  the  circumstance  that  the  metallically  conducting  lead| 
peroxide  is  a very  strong  oxidising  agent,  while  the  metallic  lead  acts  • 
as  a (moderate)  reducing  agent.  In  the  cells  of.  the  type  of  the  ' 
Daniell,  which  contain  two  metals,  one  cannot,  in  the  long  run,  . 
prevent  the  solution  of  the  one  metal  (copper)  passing  into  that  of  : 
the  other  (zinc),  whereby  instead  of  the  indirect  chemical  process,  . 
which  yields  the  current,  the  direct  process  occurs,  which  only  yields  ; 

heat,  and  the  cell  therefore  no  longer  acts.  . , . 

A lead  accumulator,  therefore,  consists  of  two  lead  plates  placed  in  i 
dilute  sulphuric  acid.  In  order  that  as  large  an  amount  of  electrical  1 
energy  as  possible  may  be  absorbed  for  a given  weight  of  the  accumu-  - 
lator  the  plates  are  made  porous,  so  that  the  acid  has  as  far  as  possible'  i 
access  to  every  part.  To  combine  this  requirement  with  the  greates 
possible  durability  of  the  plates,  is  the  real  problem  of  the  electricd 
accumulator.  The  problem  is  generally  solved  by  filling  up  a ead  1 
grating  with  spongy  lead,  obtained  by  the  electrical  reduction  of  various 
lead  compounds.  Such  a plate  of  spongy  lead  is  then  co”necfced  ™ 
a second  plate,  in  which  the  spongy  lead  has  been  converted  into  lead 
peroxide  by  electrical  oxidation.  Such  plates  are  piepaied,  fo 
ample,  by  filling  in  the  lead  grid  with  a mixture  of  lead  oxide  and 
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sulphuric  acid  in  the  form  of  a thick  paste,  suspending  two  sucli  plates, 
, after  the  paste  has  solidified,  in  dilute  sulphuric  acid,  and  passing  a 
n current  through  it.  On  the  one  side  the  lead  sulphate  present  is  then 
d reduced  to  metallic  lead,  and  on  the  other  oxidised  to  peroxide.  rJ  he 
fend  of  the  transformation  can  be  recognised  in  the  evolution  of  hydro- 
iigen  at  the  former  plate  and  of  oxygen  at  the  latter;  at  the  same  time, 
the  potential  of  the  current  necessary  for  charging  rises.  The  accumu- 
lator  is  then  charged.  When,  after  the  charge  has  been  withdrawn, 
lithe  accumulator  has  to  be  recharged,  care  has  to  be  taken  that  the 
■former  peroxide  plate  is  again  used  for  the  same  transformation,  as 
otherwise  the  plates  will  be  destroyed. 

As  can  be  seen  from  the  equation  of  the  reaction  given  on  p.  653, 
sulphuric  acid  passes  into  combination  while  the  accumulator  is  in 
■action,  and  is  again  set  free  when  the  cell  is  charged.  In  the  amount 
of  sulphuric  acid  in  the  accumulator,  therefore,  Ave  have  a measure  of 
ithe  condition  of  charging,  and  as  the  density  also  changes  with  the 
amount  of  acid,  a hydrometer  floating  in  the  liquid  allows  of  the 
condition  as  to  charge  being  easily  determined.  This  is  of  importance, 
since  experience  has  shoAvn  that  an  accumulator  deteriorates  on  stand- 
ing for  a lengthened  period  in  the  uncharged  condition,  because  the 
Head  sulphate  in  the  plates  partially  loses  its  chemical  reactivity. 

Metallurgy  of  Lead. — For  the  manufacture  of  lead,  galena  is 
lithe  only  ore  which  has  to  be  considered  in  practice.  This  is  first 
■roasted,  Avhereby  a part  of  the  sulphur  escapes  as  sulphur  dioxide, 
fi  while  another  portion  remains  behind  in  the  roasted  mass,  the  lead 
sulphide  being  converted  into  lead  sulphate.  The  mixture  of  lead 
oxide,  lead  sulphate,  and  unchanged  lead  sulphide  is  then  fused  with 
exclusion  of  air,  AArhereby  the  following  reactions  occur: — 

PbS  + 2PbO  - 3Pb  + SO, 

PbS  + PbS04  = 2Pb  + 2 SO,. 


In  this  particular  case,  therefore,  the  unchanged  lead  sulphide  acts 
as  a reducing  agent  on  the  oxygenated  products  formed,  and  the  result 
is  metallic  lead  along  aWth  sulphur  dioxide. 

The  “ Avork  lead  ” thus  obtained  generally  contains  silver,  to 
obtain  Avhich  it  is  further  treated ; the  processes  for  this  Avill  be 
discussed  under  silver. 
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General. — In  its  chemical  relations,  mercury  is  most  nearly  allied  to 
copper,  since  it  forms,  like  it,  two  elementary  ions,  a monovalent  and  4 
a divalent,  which  in  many  respects  also  are  similar  to  those  of  copper,  r 
With  cadmium  it  shares  the  tendency  to  form  slightly  dissociated 
halogen  compounds  of  the  divalent  series.  _ jj|  j 

Metallic  mercury  occurs  free  in  nature,  and  by  reason  of  its  being . 
liquid  at  medium  temperatures,  it  has  attracted  attention  fiom  1 emote  4 
times.  In  the  older  history  of  chemistry,  while  the  experimental  d 
conception  of  a chemical  element  was  not  yet  developed,  mercury  was* 
regarded  as  the  type  of  the  metallic  character ; this  found  expression  ■ 
in  the  fact  that  mercury  was  regarded  as  a constituent  of  all  metals,  d 
The  endeavours  to  prepare  gold  and  silver  from  base  metals,  which# 
are  connected  with  this  view,  had  generally  for  the  first  purpose,  then 
“fixing”  of  the  mercury,  i.e.  making  it  non-volatile.  For  this  reason,! 
and  through  the  discovery  made  about  the  fifteenth  century  of  the 
powerful  medicinal  actions  of  the  mercury  preparations  the  chemistry 
of  mercury  became  known  at  an  earlier  period  than  that  of  most  o 

the  other  metals.  . , , , . , . 

During  the  development  of  the  newer  period  of  chemistry  at  the. 
end  of  the  eighteenth  century,  mercury  again  played  a considerable  role.? 
This  was  due,  in  the  first  place,  to  the  chemical  properties  of  mercury 
oxide  The  possibility  of  converting  the  metal  into  its  oxide  byj 
heating  in  the  air,  and  of  effecting  the  separation  of  this  into  metal  J 
and  oxygen  by  more  strongly  heating,  was  of  the  greatest  importance^ 
for  the  correct  interpretation  of  the  phenomena  of  oxidation  (p.  47). 
On  the  other  hand,  the  introduction  of  the  mercury  pneumatic  trough 
for  the  investigation  of  gases,  at  once  led  to  the  discovery  o a 

of  hitherto  unknown  substances  (p.  179).  . , for 

Up  to  the  present  day,  mercury  has  not  lost  its  importai 
scientific  investigation.  Its  liquid  nature,  fairly  great  chemical reada- 
bility, considerable  density,  etc.,  assure  its  unceasing  use  I . 
chemical  apparatus,  of  which  the  thermometer  and  barometer 
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only  be  mentioned  as  the  most  important.  Since,  being  a liquid 
r metal,  it  is  not  subject  to  the  variations  which  are  exhibited  by  the 
ilt  solid  metals  in  consequence  of  being  wrought,  it  is  employed  as  a 
standard  metal  for  electro-chemical  apparatus,  and  many  other  scientific 
applications  could  also  be  mentioned. 

Metallic  mercury  has  the  density  13-595  at  0°.  Its  expansion  by 
heat  is,  up  to  the  boiling  point  of  water,  so  nearly  proportional  to  that 
of  the  gases  that  the  mercury  thermometer  agrees  well  with  the  gas 
:r  thermometer  over  this  range.  At  - 39  '4°,  mercury  solidifies  to  a 
silver-like  solid  metal ; it  thereby  readily  exhibits  in  a considerable 
| degree  the  phenomena  of  supercooling  (p.  116).  At  358°,  mercury 
i boils  under  the  pressure  of  the  atmosphere.  Since,  in  many  measure- 
i-  ments,  the  vapour  pressure  of  mercury  at  comparatively  low  tempera- 
id  tures  also  comes  into  account,  we  give  the  following  table  of  vapour 
o pressures  : — 


0° 

0-00002  cm. 

20° 

0-00013 

i j 

40° 

0-0007 

> i 

60° 

0-0028 

> > 

80° 

0-0093 

j j 

100° 

0-0280 

> ) 

From  this  it  is 

seen  that  up 

150° 

200° 

250° 

300° 

350° 


0- 29  cm. 

1- 82  „ 
7-58  „ 

24-2  „ 

66-3 


In  the  air,  mercury  behaves  in  general  as  a “ noble  ” metal,  i.e.  it 
idoes  not  oxidise  spontaneously.  This  is  not,  however,  in  all  strictness 
the  case,  for  if  it  is  maintained  for  a lengthened  period  at  about  300°, 
it  slowly  becomes  covered  with  red  crystals  of  mercury  oxide.  Water’ 
standing  in  contact  with  mercury,  assumes  poisonous  properties. 
Whether,  this  is  due  to  the  solution  of  a trace  of  oxide  formed,  or  to 
the  solution  of  metal  in  water,  has  not  yet  been  determined.1 
” The  combining  weight  of  mercury  has  been  found  by  analysis  of 
die  oxide  and  sulphide  to  be  Hg=  200-3.  The  vapour  density  shows 
. e.  molar  weight  to  be  200 ; the  two.  are  therefore  equal.  On  account 
)f  its  low  boiling  point,  mercury  was  the  first  metal  in  the  case  of 
vhich  this  remarkable  relation  was  established  (p.  470). 

Pure  mercury. does  not  wet  glass;  if,  however,  it  contains  foreign 
netais  dissolved  in  it,  it  becomes  covered  with  a film  of  oxide,  the 
■iffect  of  which  is  that  the  metal  no  longer  flows  over  glass  and  other 
urfaces  in  round  drops,  but  “leaves  a tail.”  This  is  a very  sensitive 
■est  of  the  purity  of  the  metal. 

* In  order  t0  purify  mercury,  a task  which  is  constantly  occurring 

me|alli<;  m.ercur7  can  dissolve  in  water,  must  be  regarded  as  indubitable 
’ gabes  dissolve  in  water  ; since  mercury  has  an  appreciable,  although  small  vapour 

owever  Toum  r°°m  jT»eratllre,  its  vapour  must  also  be  soluble  in  water.  There  i« 

’ f dlfFereuce  between  a solution  of  liquid  and  one  of  vaporous  mercury  since  in 

s components  lt'0n  7 ^ eXU,tmg  Stat<3 18  °f  imPortance  and  not  the  former  states  of 
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in  the  laboratory,  it  is  shaken  with  dilute  sulphuric  acid,  to  which  from 
time  to  time  some  drops  of  potassium  dichromate  are  added  ; it  is  then 
washed  with  a large  quantity  of  water  and  dried  by 
gently  heating  it.  In  this  way,  considerable  impurities 
can  be  quickly  removed.  The  fairly  pure  metal  is 
allowed  to  flow  in  small  drops  through  the  apparatus  - 
shown  in  Fig.  116,  which  is  filled  with  a dilute  acid  i 
solution  of  mercurous  nitrate  {vide  infra).  These 
methods  depend  on  the  fact  that  the  oxidising  agents  * 
employed  oxidise  the  contaminating  metals  rather  than 
the  mercury  ; in  order  that  the  object  may  be  attained, 
fine  division  is  necessary. 

Mercury  Ions. — Mercury  forms  two  elementary  i 
ions  : monomercurion,  Hg  , and  dimercurion,  Hg  . In  a 
its  properties  the  former  is  allied  to  monocuprion  and  tf 
argention ; the  latter  does  not  exhibit  any  very  close* 
relations  to  other  metals.  In  comparatively  concern  t- 
tratecl  solutions  monomercurion  perhaps  occurs  as  the  -> 
divalent  double  ion  of  the  formula  Hg2  j bi  a ery I 
dilute  solutions,  as  monovalent  Hg  . For  the  sake  of  4 
clearness,  and  until  the  corresponding  relations  have , 
been  explained  in  the  case  of  the  other  monovalent  • 
ions  of  the  heavy  metals,  we  shall  use  the  simple  method  of  wnting , 
the  formulae,  especially  as  it  does  not  conflict  with  any  expenmentaW 

f aCt Monomercurion  informed  when  salts  of  mercury  are  prepared  i w 
presence  of  an  excess  of  metallic  mercury.  The  most  convenient! 
solvent  for  mercury  is  dilute  nitric  acid  j if  too  great  a concentration 
add  and7  loo  high  a temperature , are  avoided 
nitrate  is  formed  with  evolution  of  nitric  oxide  (p.  322).  If,  owi  • 
lust  mentioned,  mercuric  nitrate  has  been  formed,  it  ». 
suffleient  to  allow  the  solution  to  stand  for  some  time  oi  er me  * 
mercury  in  order  to  again  convert  it  into  mercurous  alt.  TM 
reaction  Ho"  + Hg  = 2Hg'  then  takes  place  almost  completely. 

In  the  absence  of  metallic  mercury,  however,  monomercurion 

readily  oxidised  to  dimercurion..  rbstin mushed  by  then 

rp/  onlntinns  of  the  two  ions  cannot  be  clistinguisneu  u\ 

M&asess* 

and  ’they  can  be  distinguished  by  M her  and  the  love 

The  two  ions  are  violent  poisons  both  foi  » difficult! 

• me  Since  however,  monomercurion  forms  a veiy  ditticun 

matter  of  Z exclusively  by  means  of  dimercurion. 
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Mercurous  Compounds. — From  the  solutions  of  mercurous  salts, 
li!;  black  mercurous  oxide,  Hg.,0,  is  precipitated  by  bases.  The  mercurous 
. hydroxide,  the  formation  of  which  might  be  expected,  is  so  unstable 
r,!.  that  it  has  not  been  possible  to  detect  it  with  certainty ; on  its 
i i formation,  it  apparently  passes  immediately  into  its  anhydride.  Mer- 
,1)  curous  oxide  is  a black,  unstable  powder  which  on  being  kept  for 
some  time  is  converted  into  mercuric  oxide  and  metallic  mercury  : 
g;  Hg20  = HgO  + Hg ; in  sunlight  the  conversion  is  rapid. 

The  basic  properties  of  this  oxide  are  only  feebly  developed,  for 
i)  the  mercurous  salts,  so  far  as  they  are  soluble  in  water,  undergo 
I hydrolysis  with  formation  of  precipitates  of  difficultly  soluble  basic  salts, 
i In  order  to  obtain  clear  solutions,  excess  of  free  acid  must  be  added. 

This  holds,  for  example,  in  the  case  of  mercurous  nitrate,  HgNOs, 
if;  which  is  readily  obtained  by  dissolving  mercury  in  dilute  nitric  acid, 
f In  the  cold,  the  salt  crystallises  from  the  solution  containing  excess  of 
I acid;  on  attempting,  however,  to  re-dissolve  it  in  water,  a white  pre- 
I cipitate  of  basic  nitrate  is  deposited,  the  amount  of  which  is  all  the 
greater  the  greater  the  amount  of  water  compared  with  that  of  the 
salt.  The  solution  can  be  again  made  clear  by  the  addition  of  nitric 
acid,  and  there  is  a definite  concentration  of  free  acid,  varying  with 
the  temperature,  at  which  no  decomposition  of  the  salt  occurs. 

Mercurous  Sulphate,  Hg2S04,  is  a salt,  very  difficultly  soluble 
in  water,  which  is  formed  by  warming  mercury  with  concentrated 
sulphuric  acid.  Half  of  the  sulphuric  acid  then  acts  as  an  oxidising 
agent,  and  passes  into  sulphur  dioxide  and  water ; the  other  half  of 
ithe  acid  yields  mercurous  sulphate,  which  is  deposited  as  a white, 

f coarsely  crystalline  powder.  If  the  excess  of  sulphuric  acid  is  removed 
by  washing  with  water,  hydrolysis  commences  after  the  main  portion 
of  the  acid  has  been  removed,  and  the  salt  becomes  dark  in  colour. 

Mercurous  sulphate  is  used  as  the  initial  substance  in  the  prepara- 
tion of  other  mercury  compounds,  and  for  the 
construction  of  electrical  standard  cells. 

Such  standard  cells  serve  the  purpose  of 
furnishing  at  all  times  a definite  value  of  electrical 
potential  for  the  purposes  of  measurement.  The 
most  largely  employed  of  these  cells  is  repre- 
sented in  Fig.  117.  In  the  one  limb  there  is 
[contained  mercury  covered  with  mercurous  sul- 
phate, and  in  the  other  there  is  a 1 2 per  cent 
mixture  of  cadmium  and  mercury ; the  remaining 
space  is  occupied  with  a saturated  solution  of 
iPadmium  sulphate,  to  which  some  crystallised 
badmium  sulphate  has  been  added.  The  potential  of  such  a cell 
amounts  to  U0186  volt;  by  using  fairly  pure  substances,  the  same 
potential  is  always  obtained  to  within  a ten-thousandth  of  its  value 
find  changes  only  slightly  with  the  temperature. 
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Mercurous  Chloride,  IlgCl,  is  a white  salt,  soluble  with  extieme 
difficulty  in  water,  and  has  long  been  employed  in  medicine  under 
the  name  calomel.  By  reason  of  its  small  solubility  it  passes  only 
slowly  into  the  system,  and  therefore  exhibits  correspondingly  mild 
actions.  Its  application  in  medicine  depends  on  this.  , 

Calomel  is  obtained  on  bringing  together  a soluble  mercurous  salt 
with  chloridion ; thus  mercurous  salts  are  precipitated  not  only  by 
solutions  of  normal  chlorides,  but  also  just  as  completely  by  hydro- 
chloric acid.  This  behaviour  could  be  foreseen,  for  the  solubility  of 
difficultly  soluble  salts  in  acids  depends,  indeed,  on  the  fact  that  their 
anions  can  form  undissociated  compounds  with  the  hydrion  of  the  «j 
acid  added,  so  that  the  concentration  of  the  anion  is  diminished,  and 
the  solubility  product  thereby  not  attained.  In  the  present  case 
this  cannot  happen,  because  the  anion  of  calomel,  viz.  chloridion,  is  « 
that  of  one  of  the  strongest  acids,  and  is  therefore  not  converted  to 
any  considerable  extent  into  the  undissociated  condition  even  by  the 
addition  of  hydrion.  For  this  reason  the  solubility  product  of  a 
calomel  solution  also  remains  essentially  unchanged  on  the  addition  of  i 
a strong  acid,  and  no  more  passes  into  solution. . 

On  treating  calomel  with  a concentrated  solution  of  sodium  c onde* 
or  hydrochloric  acid,  however,  a quite  appreciable  amount  of  it  passes  I 
into  solution;  at  the  same  time  some  mercury  is  deposited.  Ihis- 
reaction  will  be  explained  in  the  case  of  the  iodine  compound,  in  which  j 

it  is  much  more  distinct.  ,,i 

Mercurous  sulphate  also  is  converted  into  calomel  on  being  treated- 

with  a solution  oT  sodium  chloride  or  hydrochloric  acid  because  the, 
latter  is  far  more  difficultly  soluble  Asa  rule,  however  it  is 
from  the  sulphate  by  subliming  it  with  common  salt,  whore^  .the 
calomel  is  obtained  in  semi-transparent  crystalline  masses  with  *j 
diamond  lustre  (on  account  of  its  high  index  of  refraction).  , mce. 
ordinarily,  more  or  less  mercuric  chloride  is  mixed  with  it,  calomel, 

which  is7 to  be  used  for  medicinal  purposes,  must  be  previously  ca^; 

fully  extracted  with  water  in  order  to  remove  the  very  poisonous,  - 

soluble  mercuric  chloride.  , ..  therefore* 

* Calomel  readily  volatilises,  and  its  vapour  density  was  theieiore. 

earlv  determLd  This  yields  the  molar  weight  235,  corresponding 

c i . if  i Ti  .pi  q;ru,P  mercury  was  regarded  as  being* 

to  the  simple  formula  HgU.  bince  mercury  =>  sneciallv 

Sed'^umptk^  according*  to  which  the  different  demente  po«»- 

according  to  the  formulation  ClHg  - HgCl.  nl.w 

therefore  arose  as  to  whether  the  vapour  of  calomel  is  uniform  or  has 
decomposed°  into  mercuric  chloride  and  mercury.  accorimg  < 
equation  Hg2Cl2  = HgCl2  + Hg  An  nneqmvocal  decision  P 

supported  by  numerical  data,  has  not  yet  been  eftecte  . 
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Mercurous  bromide  and  iodide  are  similar  to  calomel.  The  iodide 
is  a greenish  powder,  which  is  most  easily  obtained  by  rubbing  iodine 
i and  mercury  together  in  the  proportions  of  their  combining  weights, 
{ : and  which  decomposes  with  extreme  readiness  into  mercuric  iodide 
and  free  mercury. 

Mercuric  Salts  are  obtained  from  the  mercurous  compounds  by 
r - subjecting  these  to  oxidising  actions.  Thus,  mercuric  nitrate,  Hg(N03).,, 
is  formed  on  dissolving  mercury  in  concentrated  and  warm  nitric  acid, 
b and  can  be  obtained  in  colourless  crystals  on  evaporating  the  solution. 

In  the  same  way  mercurous  sulphate,  on  being  heated  with  an  excess  of 
jl-  sulphuric  acid,  passes  into  the  mercuric  salt  with  renewed  evolution  of 
sulphur  dioxide  : Hg2S04  + H2S04  = 2HgS04  + S02  + H20. 

The  mercuric  salts  exhibit  the  property  of  hydrolysis  in  a much 
S higher  degree  than  those  of  the  mercurous  series.  Since  in  this  case 
j the  basic  salts  are  characterised  by  a yellow  colour,  the  occurrence  of 
the  decomposition  can  be  readily  recognised.  Nevertheless,  a number 
of  salts  of  the  mercuric  type  are  known,  which  can  be  dissolved  in 
§ water  without  sign  of  decomposition;  this  is  due  to  special  properties, 
■which  will  be  discussed  immediately. 

Mercuric  oxide,  HgO,  is  obtained  from  the  mercuric  salts  by  means 
■a  of  soluble  bases.  The  hydroxide  is  not  known;  it  may  therefore  be 
i again  assumed  that  it  is  indeed  first  formed,  but  that  it  immediately 
passes  into  its  anhydride. 

Mercuric  oxide  is  a yellow  to  red  powder,  the  colour  of  which 

I depends  on  the  fineness  of  its  division.  If  it  is  precipitated  from 
cold  solutions  it  appears  yellow;  when  precipitated  hot  an  orange- 
coloured  precipitate  is  formed.  It  is  obtained  as  a red  crystalline 
powder  by  heating  mercurous  or  mercuric  nitrate  to  a moderate 
temperature;  nitrogen  peroxide  and  oxygen  escape  (cf.  p.  647),  and 
I mercuric  oxide  remains  behind.  The  decomposition  can  easily  be 
I made  complete  without  the  temperature  being  reached  at  which  the 
b oxide  decomposes  into  the  metal  and  oxygen. 

v As  has  been  repeatedly  mentioned,  mercuric  oxide  is  also  produced 
^directly  from  mercury  and  oxygen  by  allowing  the  two  to  act  on  one 
Ranother  at  about  300°.  The  reaction  is,  however,  very  slow.  In  this 
‘ case  a condition  of  equilibrium,  depending  on  the  temperature,  is 
b established  between  mercury,  oxygen,  and  mercuric  oxide.  According 
f t0  the  temperature  and  pressure  of  the  oxygen  the  reaction  can  be 
: made  to  take  place  in  one  or  other  direction. 

The  preparation  of  mercuric  nitrate  has  been  already  given.  The 
dbasic  nitrate  which  is  precipitated  from  the  salts  by  water  has  the 
Composition  Hg3(N03)2(0H)4.  It  readily  dissolves  in  hydrochloric 
.i  icid,  forming  a clear  solution. 

The  same  holds  for  mercuric  sulphate,  HgS04.  The  basic  salt, 
which  is  obtained  as  a yellow  crystalline  precipitate  on  treating 
-he  normal  salt  with  water,  has  a corresponding  composition, 
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Hg3S04(0H)4,  and  under  the  name  “ turpeth  mineral  ” is  applied  in  j 
medicine. 

The  behaviour  of  the  halogen  compounds  is  in  marked  contrast  to 
that  of  the  mercuric  salts  of  the  oxyacids.  So  far  as  they  are  soluble  . 
they  dissolve  in  water  without  appreciable  hydrolysis,  and  exhibit  h 
nothing  of  the  ready  decomposability  of  the  above  salts. 

The  explanation  is  found  on  determining  the  electrical  conductivity ' 
of  the  solutions  of  these  substances.  This  is  found  to  be  very  slight, 
and  it  follows  from  this  that  we  are  here  dealing  with  salts  which, 
unlike  the  preponderating  majority  of  such  substances,  are  not  greatly 
dissociated  into  ions  ; they  can  exhibit  the  reactions  of  the  ions,  there- 
fore, only  in  a very  limited  degree. 

The  one  Avhich  is  most  dissociated  is  the  chloride,  HgU2.  I his  .s 
chlorine  compound  of  mercury  has  also  been  known  for  a very  long „ 
time.  On  account  of  its  poisonous  properties  and  its  method  of 
preparation  (by  the  sublimation  of  mercuric  salts,  especially  the 
sulphate,  Avith  sodium  chloride)  it  is  called  corrosive  sublimate. 

Mercuric  chloride  is  a colourless,  crystalline  salt,  Avhich  is  moder- 
ately soluble  in  water;  it  has  a considerable  density  (7 '2),  and  its 
solutions  have  been  found  to  be  a very  violent  poison  for  higher  as« 
well  as  lower  organisms.  It  is  therefore  extensively  used  in  medicine t4 
as  a disinfectant,  i.e.  for  the  purpose  of  killing  the  spores  of  harmfuU 
schizomycetes,  and  such  like,  and  its  use  is  limited  only  by  the  act.l 
that  it  is  also  a powerful  poison  for  the  human  organism,  bmalli 
quantities  of  it  exercise  a specific,  medicinal  action. 

At  265°  mercuric  chloride  melts,  and  boils  at  30  < , so  that  it  cana 
be  readily  volatilised,  and  thereby  purified.  Its  vapour  density  yield»lf 
the  molar  Aveight  271,  corresponding  to  the  formula  HgGJ.2.  j 

* The  solutions  of  mercuric  chloride  are  fairly  easily  reduced  ton 
calomel  Of  these  reductions,  that  with  oxalic  acid  (p.  410)  is  of n 
particular  interest,  as  it  takes  place  with  measurable  velocity  oiily  in 
li  o-ht  Avhile  in  the  darkness  it  remains  practically  at  a stand-sfalLM 
This’ reaction  has  therefore  been  used  as  a means  of  measuring  t e* 
chemical  action  of  light  or  as  a chemical  photometer.  It  is * rePresen  ^ 
by  the  equation  2HgCl2  + C204H2  - 2HgCl  + -.  2.  " . t 

dioxide  and  hydrochloric  acid  are  therefore  formed  in  the  reaction,  to 
counteract  the  action  of  the  latter  one  of  the  salts  of  oxalic 
ammonium  oxalate,  is  used  instead  of  the  free  acid.  The  indications. 

of  this  photometer  are  also  only  individual  (p.  5b4). 

From  its  solutions  mercuric  oxide  is  precipitated  by  soluble,  strong 
bases,  but  on  quantitative  investigation  it  is  found  that  the  amou  t f 
oxide  precipitated  never  corresponds  to  the  amount  of  base  take  , 
is  less  Conversely,  mercuric  oxide  dissolves  in  solutions  of  other 

chlorides,  and  liquids  are  produced  with  a strongly  aJ“ 

This  is  due  to  the  fact  that  the  solution  of  mercuric  chloride  co  n 
only  very  little  dimercurion.  On  adding  a base,  i.e.  by  ioxi  > ®T 
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must  be  a definite,  finite  concentration  of  the  latter  before  the  solubility 
product  of  the  mercuric  oxide  is  reached  and  that  substance  precipitated. 
On  the  other  hand,  when  chloridion  is  added  to  an  aqueous  solution  of 
mercuric  oxide  (in  which  the  presence  of  dimercurion  and  hydroxidion 
must  be  assumed),  the  greater  part  of  the  dimercurion  present  is 
converted  into  undissociated  mercuric  chloride,  and  more  mercuric  oxide 
must  pass  into  solution  in  order  that  the  solubility  product  may  be 
again  established.  This  process  is  repeated,  and  when  equilibrium  is 
finally  reached  there  is  an  appreciable  amount  of  hydroxidion,  from 
the  mercuric  oxide,  present  in  the  solution. 

Mercuric  chloride  is  extremely  stable  to  concentrated  sulphuric 
acid,  and  even  on  heating  not  the  slightest  evolution  of  hydrogen 
chloride  occurs.  Nor  is  it  acted  on  by  concentrated  nitric  acid,  which 
attacks  all  other  saline  chlorides  with  evolution  of  chlorine  or  nitrosyl 
chloride  (p.  335).  The  behaviour  in  both  cases  is  due  to  the  very 
slight  electrolytic  dissociation  of  mercuric  chloride. 

Mercuric  chloride  crystallises  along  with  the  alkali  chlorides,  form- 
ing compounds  which  appear  to  occupy  a position  intermediate  between 
the  ordinary  double  salts,  the  components  of  which  exist  side  by  side 
in  solution,  and  the  complex  salts,  the  ions  of  which  are  formed  by  the 
union  of  the  one  salt  with  the  ion  of  the  other ; that  is  to  say,  the 
salts  partly  exist  side  by  side  in  solution,  and  are  partly  combined  in 
the  above  complex  compounds,  and  the  relative  quantities  of  the  two 
depend  on  the  temperature  and  the  concentration. 

* Strictly  speaking,  such  a view  holds  for  all  double  salts  and 
complex  salts,  and  the  two  are  distinguished  from  one  another  only  by 
the  fact  that  the  one  or  the  other  greatly  predominates.  In  the  case 
of  the  above  mercury  compounds  \ye  have  apparently  the  case,  which 
otherwise  does  not  frequently  occur,  that  the  two  portions  are  present 
in  about  equal  amounts. 

The  complex  salts,  whose  presence  can  here  be  assumed,  are  the 
alkali  salts  of  the  mercurichloricle  ions  HgCL/  and  HgCl4".  From  the 
solutions  of  the  mixed  single  salts  compounds  of  the  one  or  other  type, 
e.g.  KHgCl;!  and  K.,HgCl4,  are  obtained,  according  to  the  concentration 
and  the  temperature,  and  we  must  therefore  regard  both  as  being  present 
together  in  solution.  If  for  any  reason  one  or  other  of  these  compounds 
separates  out,  the  equilibrium  in  the  solution  is  disturbed ; the  com- 
pound is  again  formed  at  the  expense  of  the  substance  present,  and  so 
on.  A more  thorough  investigation  of  the  conditions  of  equilibrium 
has  still  to  be  carried  out. 

•f  The  above  relations  are  of  importance  for  the  application  of 
corrosive  sublimate  for  purposes  of  disinfection.  It  has  been  found 
that  the  poisonous  action  of  the  mercury  salts  is  proportional  to  the 
concentration  of  the  dimercurion  present.  By  the  addition  of  alkali 
chlorides,  now,  the  concentration  of  the  dimercurion  is  certainly 
diminished;  either  by  the  formation  of  the  above  mentioned  complex 
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ions  or  by  the  diminution  of  the  dissociation  in  consequence  of  the  i 
mass  action  of  the  chloridion.  I he  addition,  therefore,  of  sodium  i 
chloride  to  corrosive  sublimate,  which  is  frequently  made,  always  j 
causes  a diminution  of  the  poisonous  action  as  compared  with  a solution  i 
of  pure  sublimate  containing  an  equal  amount  of  mercury,  and  where  j 
necessary  one  must  be  aware  of  this  influence  in  older  not  to  make  itj 
mistakes  in  estimating  the  disinfecting  power  of  a given  solution. 

The  formation  of  the  corresponding  liydrochloromercuric  acid  can 
be  recognised  on  treating  mercuric  chloride  with  concentrated  hydro- 
chloric acid.  Considerable  amounts  of  that  salt  then  pass  into  solution 
with  a remarkable  rise  of  temperature,  and  the  solution  no  longer 
fumes ; it  therefore  contains  much  less  free  hydrochloric  acid.  On 
cooling  the  mass  solidifies  to  crystals  of  the  composition  HHgGlg. 

Mercuric  chloride  unites  with  mercuric  oxide  to  form  compounds, 
oxychlorides,  which  have  the  general  formula  TiiHgCl^-iiHgO,  in  which 
the  ratio  m : n can  vary  from  6:1  to  1:2.  The  various  compounds: 
are  obtained  by  treating  varying  amounts  of  oxide  with  more  or  less  - 
concentrated  solutions  of  the  chloride  at  different  tempei  atures.  Thei 
compounds  comparatively  rich  in  oxide  are  red,  brown,  or  black,  some 
even  violet ; those  rich  in  chloride  are  lighter  in  colour,  varying  to 
pale  yellow.  While  the  latter  give  up  chloride  to  water,  the  former  . 
do  so  only  in  a very  slight  degree,  so  that  an  aqueous  solution  of  i 
mercuric  chloride  loses  almost  all  its  chloride  on  being  shaken  with  i 
mercuric  oxide.  This  reaction  is  made  use  of  in  the  preparation  of  >i 
hypochlorous  add  from  chlorine  water  by  means  of  mercuric  oxide. 

' Mercuric  Bromide,  HgBr2,  is  a white,  very  slightly  soluble  salt, 
which  is  very  similar  to  the  chloride,  and  can  be  readily  obtained  from 
its  elements.  In  all  its  chemical  relationships  also  it  is  so  closely 
analogous  to  the  chloride  that  the  preceding  description  could  ben 
repeated  almost  word  for  word.  Its  electrolytic  dissociation  is  stml 
less  than  that  of  the  chloride,  its  tendency  to  form  complex  compounds: 

"'  'Mercuric  Iodide,  HgR,  is  a red  substance  which  is  only  slightly 
soluble  in  water  (1  : 120),  but  readily  dissolves  in  alcohol,  from  which 
it  separates  out  on  evaporation  in  red  quadratic  cry  stals.  It  is  most - 
easily  obtained  by  rubbing  mercury  and  iodine  together  m the  piopor 

tl0nif4the  substance  is  heated  it  becomes  yellow  above  126",  passing  at 
the  same  time  into  another  crystalline  form  j on  being  kept 
cold  it  again  changes  into  the  red  variety.  It  is  therefore  an  enantao- 
tropic  substance,  and  126°  is  the  transition  temperature  which  sepaiate  . 

the  two  regions  of  stability  from  one  another  (p.  -54). 

* If  fn  any  way,  however,  solid  mercuric  iodide  is  caused 

at  a lower1  temperature,  it  is  always  the 

This  is  one  of  the  most  striking  examples  of  the  ni  e whl^  ‘ pe 
been  mentioned  that  the  unstable  forms  appear  fust  This  ca 
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readily  observed  by  precipitating  mercuric  chloride  with  a solution  of 
a potassium  iodide.  A bright  yellow  precipitate  is  first  formed,  which  in 
a few  moments  changes  into  the  red  one.  The  yellow  form  maintains 
its  existence  longer  when  formed  by  the  precipitation  of  an  alcoholic 
. solution  of  the  salt  with  water.  In  consequence  of  its  very  fine  state 
j of  division  it  is  very  light  yellow,  almost  white,  in  colour.  The 
conversion  into  the  stable  red  form  is  greatly  accelerated  by  light. 
■When  exposed  to  sunlight  the  vessel  with  the  light  yellow  precipitate 
■becomes  red  in  a few  minutes  on  the  side  turned  towards  the  light. 

* Further,  when  the  red  salt  is  volatilised,  the  vapour  always 
i,  condenses  on  the  colder  portions  in  the  yellow  form.  This  occurs,  no 

matter  whether  the  vapour  has  been  generated  from  the  red  or  the 
oyellow  salt,  which  shows  that  the  distinction  between  the  solid  foi’ms 
...  loes  not  exist  in  the  vapour. 

Mercuric  iodide  is  a very  stable  compound,  which  is  scarcely  attacked 
[hby  dilute  solutions  of  the  ordinary  reagents.  This  is  due  to  the  fact 
tthat  it  is  even  less  dissociated  into  its  ions  than  mercuric  chloride 

■ is.  On  the  other  hand,  it  is  formed  with  extreme  ease  from  its 
) constituents. 

Mercuric  iodide  forms  very  stable  complex  compounds  with  the 
odine  compounds  of  the  other  metals.  These  will  be  described  later. 

The  behaviour  of  mercuric  fluoride  is  in  striking  contrast  with  the 
great  stability  of  mercuric  chloride,  bromide,  and  iodide.  Mercuric 
oxide,  it  is  true,  dissolves  in  excess  of  hydrofluoric  acid,  but  on  diluting 
.he  solution  with  water  a basic  salt  of  a yellow  colour  is  deposited,  and 
l f this  is  treated  with  further  quantities  of  water  pure  mercuric  oxide 
> -emaiiis  behind  free  from  fluorine  compounds.  This  is  a behaviour 
■peculiar  to  the  oxy-salts  of  mercury,  and  shows  the  considerable 

* deviation  of  fluorine  from  the  other  halogens  (p.  241). 

Mercuric  Sulphide. — While  a sulphur  compound  corresponding 
i i jo  mercurous  oxide  is  not  known,  the  compound  HgS,  corresponding 

• i»  mercuric  oxide,  is  a very  stable  substance  which  is  readily  formed, 
ooccurs  naturally,  and  has  long  been  known. 

* If  the  solution  of  a mercurous  salt  is  precipitated  with  sulphur- 

■ etted  hydrogen,  a black  precipitate  is  indeed  formed.  On  investiga- 
tion, however,  this  is  found  to  be  a mixture  of  mercuric  sulphide  and 

i metallic  mercury.  It  can  be  assumed  that  the  mercurous  sulphide  first 
ormed  decomposes  into  these  two  substances  : Hg.,S  = HgS  + Hg. 

Mercuric  sulphide  is  obtained  as  a black  powder  by  triturating  the 
wo  components  together.  It  is  also  obtained  by  the  precipitation  of 
; nercuric  compounds  with  sulphuretted  hydrogen.  In  this  case  it  is 
^Indifferent  whether  the  solution  reacts  acid  or  neutral,  since  mercuric 
ulphide  is  extremely  difficultly  soluble,  and  its  precipitation  is  there- 

■ ore  not  appreciably  affected  by  acids.  From  the  other  metallic 
ulphides  it  is  distinguished  by  the  fact  that  it  does  not  have  the 
east  tendency  to  oxidise  in  the  air.  It  is  a much  more  stable 

. 
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compound  than  mercuric  sulphate,  which  could  he  produced  by  its  ) 
oxidation 


In  nature  mercuric  sulphide  occurs  in  comparatively  large  quantities.  |_ 
It  constitutes  the  most  important  ore  of  mercury,  and  is  called  ciunu-  | 
bar.  Pure  cinnabar  crystallises  in  red-grey,  hexagonal  masses  with  a J 
metallic  lustre,  and  on  being  ground  yields  a powder  of  a fine  red  colour.  <1 
It  is  another  form  of  mercuric  sulphide ; the  black  product  may  he1  5 
regarded  as  amorphous. 

From  the  fact  that  the  black  form  was  first  produced  in  the  forma-., 
tion  of  mercuric  sulphide,  it  can  be  concluded  that  it  is  the  less  stable  i 
and  the  red  crystalline  form  the  more  stable  variety.  This  follows  i 
from  the  spontaneous  transformation  of  the  former  into  the  latter.  If 
a solution  of  alkali  sulphide  (in  which  mercuric  sulphide  is  somewhat.  1 
soluble)  is  poured  over  the  black  mercuric  sulphide  red  spots  are 
formed  after  some  time  in  the  black  mass,  and  these  continue  to  grow** 
until  the  whole  mass  has  become  red,  i.e.  has  become  converted  into  I 
the  crystalline  form. 

- Being  the  less  stable  form,  the  black  mercuric  sulphide  must  he  - 
more  soluble  in  all  solvents  than  the  red.  If,  therefore,  the  liquid  is 
saturated  in  respect  of  the  black  form,  it  is  supersaturated  in  respect’  j 
of  the  less  soluble  red  form,  and  if  any  of  the  red  form  is  present,  or 
is  produced,  a further  quantity  of  the  red  sulphide  must  there  separate:  ? 
out.  The  solution  thereby  becomes  unsaturated  in  respect  of  the  black 
form,  and  a further  portion  of  this  is  dissolved.  In  this  way  piecipita-sjj 
tion  and  solution  are  repeated  until  the  unstable  form  has  completely 
disappeared.  Transformations  of  this  kind  are  therefore  generally  H 
accelerated  by  solvents,  since  these  act  as  intermediaries,  whereas.-  ; 
otherwise  only  those  portions  of  the  two  forms  which  are  in  direct-' j| 

contact  can  influence  one  another.  . J 

On  account  of  its  fine  colour  cinnabar  is  used  as  a pigment.  It  ud  3 
however,  not  very  stable  to  light.  The  two  forms  of  mercuric  sulphidell 
are  not  appreciably  soluble  in  dilute  acids,  and  nitric  acid  also  is  with  J 
out  action  on  them.  They  dissolve,  however,  in  aqua  regia  or  others! 
reagents,  which  evolve  free  chlorine.  This  behaviour  is  due  to  the: 
slight  stability  of  the  oxygen  salts  of  mercury  and  the  great  stability* 
of  "the  halogen  compounds.  This  is  made  use  of  for  the  analytical 


separation  of  mercury  from  the  other  metals,  whose  sulphur  compounds 
are  insoluble  in  dilute  acids,  for  all  the  other  sulphides  of  this  group 

are  attacked  by  nitric  acid.  . 

* Mercuric  sulphide  dissolves  abundantly  in  concentrated  solutions  I 
of  the  alkali  sulphides.  On  dilution  it  is  again  almost  completely  < 
precipitated  in  the  black  form.  This  phenomenon  is  due  to  th*| 
formation  of  a thio-salt,  i.e.  of  a saline  compound  in  which  sulphur 
takes  the  place  of  oxygen  (cf.  p.  412).  In  this  respect  mercury  onus 
a transition  to  the  metals  of  the  next  group,  m which  this  behauou  I 
is  general,  and  in  which  the  corresponding  compounds  exist  even 
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| tfreat  dilution.  The  new  chemical  relations  which  are  met  with  here 
;;  will  be  discussed  in  the  case  of  these  other  compounds. 

On  passing  sulphuretted  hydrogen  into  solutions  of  mercuric  salts, 
white  precipitates  are  first  produced,  which  on  further  action  of  the 
j[.  sulphuretted  hydrogen  become  yellow,  red,  and  finally  black.  These 
1 are  compounds  of  varying  amounts  of  mercuric  sulphide  with  the 
mercuric  salts  present,  and  are  decomposed  by  sulphuretted  hydrogen 
j v,  and  converted  into  the  pure  sulphide.  The  behaviour  is  very  char- 
,!•  acteristic,  and  can  be  used  for  the  direct  identification  of  mercury  in 
,<j  precipitation  with  sulphuretted  hydrogen. 

Mercury  sulphide  occurs  in  nature  partly  in  fine  crystalline  form  as 
a cinnabar,  partly  mixed  with  other  substances,  as  hepatic  cinnabar. 
,•  From  these,  metallic  mercury  is  obtained  by  simply  roasting ; the 
i{  sulphur  is  thereby  converted  into  sulphur  dioxide,  while  the  mercury 
;i  volatilises  as  the  metal.  By  condensing  the  vapours,  crude  mercury  is 
Ii  obtained,  and  is  purified  mechanically  by  pressing  through  chamois 
i leather. 

Mercuric  Cyanide,  Hg(CN)2,  is  a colourless  salt,  which  is  fairly 
h soluble  in  water  but  does  not  exhibit  the  reactions  either  of  cyanidion 
> .or  of  dimercurion.  The  conclusion  to  be  drawn  from  this,  viz.  that  it 
f : is  not  electrolytically  dissociated,  is  confirmed  by  the.  fact  that  its 
u aqueous  solution  does  not  conduct  the  electric  current,  and  that  the 
qi depression  of  the  freezing  point  yields  the  complete  molar  weight  252, 
if  which  also  shows  the  absence  of  dissociation. 

As  a result  of  the  negligibly  small  degree  of  dissociation,  the 
ift  compound  is  formed  in  all  cases  in  which  the  ions  cyanidion  and 
■dimercurion  come  together  even  in  very  small  concentration.  Thus, 
I Prussian  blue  (p.  579),  for  example,  is  at  once  decomposed  by  boiling 
■with  water  and  mercuric  oxide,  mercuric  cyanide  passing  into  solution, 
hand  ferric  oxide  being  deposited.  This  reaction  is  also  employed  for 
a the  purpose  of  obtaining  mercuric  cyanide. 

When  it  is  heated  in  the  solid  state,  it  decomposes  into  cyanogen 
gas,  which  escapes,  and  mercury,  which  distils  into  the  colder  portions 
! of  the  apparatus.  This  decomposition  serves  as  a convenient  method 
of 'obtaining  cyanogen  gas  (p.  412).  In  this  process  a portion  of  the 
cyanogen  always  separates  out  in  the  polymerised  condition  as  a black- 
jj> brown  powder  of  paracyanogen. 

If  the  solution  of  mercuric  cyanide  is  mixed  with  that  of  an  alkali 
if  cyanide,  a considerable  evolution  of  heat  occurs,  which  indicates  the 
formation  of  a new  compound.  This  can  also  be  obtained  in  the  solid 
i 'state;  the  potassium  compound  has  the  composition  K0Hg(CN)4,  and 
k-is  the  potassium  salt  of  a mercuricyanidion  Hg(CN)4",  which  is  similar 
in  composition  to  the  nickelcyanidion  (p.  617). 

The  corresponding  acid  H2Hg(CN)4  is  not  very  stable,  but  de- 
composes readily  into  mercuric  cyanide  and  hydrocyanic  acid. 

Complex  Compounds  of  Mercury. — As  might  be  expected  from 
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the  slight  dissociation  of  the  halogen  compounds  of  mercury,  this  t 
metal  has  a great  tendency  to  form  complex  compounds  the  aqueous  I ' 
solutions  of  which  contain  dimercurion  only  in  extremely  small  amount,  ' } 
and  in  which  mercury  forms  a component  of  more  complex  ions  or  salts.  } 
Such  complex  compounds  are  met  with,  on  the  one  hand,  in  the  case  nf 
of , the  halogen  derivatives;  on  the  other  hand,  sulphur  and  nitrogen 
also  have  the  power  of  forming  many  such  compounds  with  mercury.  1 » 
On  account  of  the  large  number  of  such  substances,  these  cannot  be  • , 
treated  exhaustively  here,  and  the  characterisation  of  the  most  * 
important  types  must  suffice. 

In  the  first  place,  the  three  heavier  halogens  form  such  complex 
compounds,  the  stability  of  which  increases  with  the  combining  weight  i . 
of  the  halogens.  The  most  important  type  represented  here  is  that  t 
of  the  halogenmercuric  ions  HgA4",  where  A denotes  the  halogen. 

It  will  be  sufficient  if  we  describe  the  relations  in  the  case  of  the  ■ 
iodine  compound,  which  is  the  most  stable  and  which,  on  account  of 
the  difficult  solubility  of  mercuric  iodide,  gives  rise  to  the  most  readily  i 
understood  phenomena  (cf.  p.  663). 

Mercuric  iodide  readily  dissolves  in  aqueous  solutions  containing  ^ 
iodidion,  and  it  does  so  all  the  more  abundantly,  the  more  concentrated  1 
the  solutions.  On  dilution,  mercuric  iodide  is  precipitated,  but  there 
always  remains  in  the  solution  rather  more  of  it  than  corresponds  to 
the  relation  Hgl2 : 2I\  The  solutions  are  pale  yellow  in  colour, 
exhibit  none  of  the  reactions  of  mercury,  and  partly  yield  the  corre- 
sponding salts  in  the  solid  state  on  evaporation,  e.g.  the  potassium  salt  t 
K.,HgI4 ; they  contain  the  complex  anion  Hgl4". 

No  mercuric  oxide  is  precipitated  from  their  solutions  by  the  i 
addition  of  strong  bases  ; on  the  other  hand,  mercuric  oxide  dissolves  - - 
abundantly,  for  example,  in  a solution  of  potassium  iodide  yielding  a 
solution  with  a strongly  alkaline  reaction.  In  this  case  the  reaction  ■ 
4KI  + HgO  + H,0  = K2HgI4  + 2KOH,  or  writing  the  ions,  41'  + 
HgO  + H20  = Hgl4"  + 20H',  takes  place  to  a large  extent.  Such  an 
alkaline  solution  of  potassium  mercuric  iodide  is  used  under  the  name  f £ 
of  “ Nessler’s  reagent  ” for  the  detection  of  small  traces  of  ammonia. 
This  reaction,  which  depends  on  the  formation  of  a new  complex  ■ ■ 
compound,  will  be  discussed  at  a later  point. 

Bromine  and  chlorine  form  complex  compounds  which  are  similar 

but  less  stable. 

* Some  apparent  contradictions  in  the  behaviour  of  the  meicury 
compounds  can  be  explained  by  the  formation  of  these  stable,  complex 
compounds.  Thus,  it  was  mentioned  on  p.  658,  that  dimercurion  m i 
contact  with  metallic  mercury  passes  into  monomercunon.  If, 
however,  mercurous  iodide  is  treated  with  potassium  iodide,  metallic 
mercurv  is  deposited,  and  half  of  the  mercury  passes  as  iodide  into 
solution.  The  reaction  is  : 2HgI  + 2KI  = K2HgI4  + Hg.  The  reaction 
of  the  ions  is:  2HgI  + 21'  = Hgl4"  + Hg ; it  is  therefore  not  dimer- 
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h curion  that  is  formed  but  a complex  compound  (which,  according  to  its 
;>  state  of  oxidation,  belongs  to  the  mercuric  series),  and  there  is  therefore 
, , no  contradiction  of  the  former  reaction  between  the  two  mercury  ions. 

* A similar  action  occurs  between  potassium  bromide  and 

i mercurous  bromide,  and  even  between  the  chlorine  compounds.  The 
: more  concentrated  the  solution  of  a soluble  chloride  is,  the  greater  is 

its  solvent  action  on  calomel,  mercury  being  separated  out  in  the 
t-  metallic  state  and  (undissociated)  mercuric  chloride  passing  into 

■ solution.  On  account  of  the  powerful  physiological  actions  of  the 
J;  latter  salt,  a knowledge  of  this  reaction  is  of  importance  in  medicine. 

* Calomel  is  of  course  still  much  more  soluble  in  potassium  iodide 
ft  and  all  other  liquids  containing  iodidion. 

Complex  Ammonia  Compounds.  — Both  series  of  mercury 
ui  compounds  give  rise  to  the  formation  of  complex  compounds  with 

ii  ammonia ; only  the  substances  belonging  to  the  mercuric  series, 

: however,  have  been  thoroughly  investigated.  If  ammonia  is  allowed 

: to  act  on  mercurous  salts,  these  become  black.  The  reaction  has  the 
^appearance  as  if  mercurous  oxide  were  precipitated  by  the  base;  the 
•jji  black  precipitates,  however,  contain  nitrogen,  and  can  be  regarded  as 
ammonium  salts  in  which  two  combining  weights  of  hydrogen  are 
I*  replaced  by  two  combining  weights  of  mercury.  Besides  this  series 
$ of  compounds,  there  are,  however,  other  compounds  which  are  formed 
•tat  the  same  time  as  the  first  series,  so  that  the  composition  of  the 
•black  precipitates  differs  in  many  respects  from  the  simple  scheme. 
9 The  preparation  of  the  single  salts  is  greatly  increased  in  difficulty  by 
tithe  fact  that  they  are  not  soluble,  and  therefore  cannot  be  re- 
>•  crystallised. 

* This  blackening  is  used  as  a characteristic  test  for  ammonia, 
•paper  moistened  with  mercurous  nitrate  being  held  in  the  gas  to  be 

■ investigated.  The  reaction  is,  however,  less  sensitive  than  that  with 
■litmus  paper. 

The  complex  ammonium  compounds  of  the  mercuric  series  can 

■ also  be  regarded  as  ammonium  salts  in  which  the  hydrogen  of  the 
■ammonium  is  replaced  by  mercury,  only  that  in  this  case  one  combining 
■weight  of  mercury,  on  account  of  its  divalency,  replaces  two  combining 
■weights  of  hydrogen.  From  these  considerations  we  obtain,  in  the 
■first  instance,  the  following  cations  : — 

Dimercurammonion  ....  Hg.2N‘ 

Mercurammonion  ....  HgH2N' 

Mercurdiammonion  ....  HgH(iNV' 

In  the  case  of  dimercurammonion,  all  the  hydrogen  of  the 
niammonium  is  replaced  by  mercury  ; in  mercurammonion,  only  the 
; aalf,  and  mercurdiammonion,  finally,  corresponds  to  two  combining 
weights  of  ammonium,  which  have  together  lost  two  hjMrogens,  these 
.having  been,  replaced  by  one  combining  weight  of  mercury. 
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The  hydroxide  corresponding  to  dimercurammonion  is  obtained  or 
allowing  finely  divided  mercuric  oxide  to  stand  under  concentrated 
ammonia  solution.  Without  apparently  any  great  change  taking  place— 
the  colour  oidy  becomes  somewhat  lighter — there  occurs  the  reaction. 
2HgO  + N H.{  = Hg2N(OH)  + H20.  The  hydroxide  produced  is  almost 
insoluble  in  water,  explodes  on  being  heated,  and  forms  with  most  oi, , 
the  acids  yellow  to  brown  coloured  salts,  which  are  also  almost  insoluble.  • 
Of  these,  the  iodide  is  the  best  known,  as  it  is  formed  as  a brown  j 
precipitate  when  ammonia  is  added  to  an  alkaline  solution  of  potassium  ■ 
mercuric  iodide  (p.  668).  Even  extremely  small  amounts  of  ammonia  i 
can  in  this  way  be  detected  by  the  yellow-brown  coloration  of  the 
liquid,  and  this  reaction,  called  by  the  name  of  its  discoverer,  the » 
Nessler  reaction,  is  used  both  for  the  detection  and  the  approximate 
determination  of  very  small  amounts  of  ammonia,  such  as  occur,  for- 
example,  in  the  ordinary  water  supply.  For  quantitative  purposes-  j 
the  coloration  which  is  produced  by  the  water  to  be  investigated,  is  : 
compared  with  a series  of  colours  produced  by  known,  gradated  ■ 
amounts  of  ammonia  (in  the  form  of  very  dilute  solution  of  ammonium- 
chloride)  under  the  same  conditions.  lid 

Of  the  two  other  types,  the  chlorine  compounds  are  the  bests 
known;  they  are  formed  by  precipitating  solutions  of  mercuric?) 
chloride  under  different  conditions  with  ammonia.  If  a solution  of  the! 
mercury  salt  is  added  in  the  cold  to  excess  of  dilute  ammonia,  the 
compound  HgH2NCl  is  precipitated  as  a white  substance  which,  on 
being  heated,  sublimes  with  decomposition  without  previous  melting..  . 
The  sublimate  consists  chiefly  of  calomel,  while  a mixture  of  nitrogen  j 
and  ammonia  escapes ; the  latter  generally  blackens  the  sublimate  oi  | 
calomel:  6HgH2NCl  = 6HgCl  + 4NH3  + N2.  This  compound  wass| 

formerly  used  as  a medicament  'and  was  called  infusible  precipitate. 

If  the  ammonia  is  allowed  to  act  on  the  mercuric  chloride  in  hot 
solution  in  the  presence  of  much  ammonium  chloride,  a liquid  is  obtained  ; 
which  is  clear  when  hot  and  which  on  cooling  deposits  small  crystalalj 
of  a white  salt ; this  is  the  chloride  of  mercurdiammonium,  and  has..  ! 
therefore,  the  formula  HgHGN2Cl2.  This  formula  can  be  resolved  into  j 
mercuric  chloride  plus  ammonia,  HgCl2  + 2NH3 ; the  complex  nature: 
of  the  salt  is,  however,  seen  from  the  fact  that  it  does  not  evolve  any 
ammonia  with  a solution  of  caustic  potash,  and  is  only  decomposed  by 
this  reagent  on  being  strongly  heated.  Since  on  being  heated  thajj 
salt  melts  to  a clear  yellowish  liquid,  it  was  called  fusible  precipitate 
to  distinguish  it  from  mercurammonium  chloride  or  infusible  pre- 
cipitate. . L -.  | 

Besides  the  above  compounds,  there  are  others  belonging  to  tne: 

ammonia  series  which,  however,  will  not  be  mentioned  here,  as  they 
have  not  been  investigated  in  sufficient  detail. 

Other  Complex  Nitrogen  Compounds.  — Another  complex 
mercury  salt  containing  nitrogen  which  must  be  mentioned  -is  potassium  ! 
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* mercurinitrite,  K2Hg(N02)4,  which  is  obtained  by  dissolving  mercuric 
i!  oxide  in  a solution  of  potassium  nitrite  (whereby  there  is  an  evolution 
of  heat),  and  destroying  the  basic  reaction  Avith  acetic  acid.  From 
ithe  solution  a finely  crystalline,  bright  yelloAV  salt  is  obtained,  Avliich 
has  the  above  composition,  and  is  readily  soluble  in  Avater.  The 
j -solution  is  neutral,  and  can  be  boiled  Avithout  decomposition;  it  does 
not  exhibit,  therefore,  any  of  the  hydrolysis  of  the  normal  mercuric 
salts. 

I Further,  mercury  enters  extremely  readily  into  organic  compounds 
containing  the  imide  group,  NH.  The  substances  produced  do  not 
exhibit  the  reactions  of  mercury,  and  therefore  contain  this  element  in 
i complex.  Since  they  belong  to  organic  chemistry,  hoAvever,  the 
statement  that  they  are  characteristic  of  mercury  must  suffice  here. 

Compounds,  further,  containing  the  amide  group,  N H.„  shoAv  these 
: properties,  but  in  a less  degree  than  the  imido-compounds. 

To  this  class  also  belong  the  cyanogen  compounds,  concerning 
•ii which  the  necessary  information  has  already  been  given  (p.  667). 

I Complex  Sulphur  Compounds.  — The  tendency  of  the  tAAro 
elements,  sulphur  and  mercury,  to  combine,  Avhich  is  disclosed  in  the 
;^reat  stability  of  mercuric  sulphide,  asserts  itself  also  in  the  formation 
of  complex  compounds  on  alloAving  the  loAver  oxyacids  of  sulphur  and 
mercury  compounds  to  come  together.  Thus,  mercuric  oxide  dissolves 
in  the  normal  alkali  salts  of  sulphurous  acid  and  thiosulphuric  acid, 
with  great  rise  of  temperature  and  production  of  an  alkaline  reaction ; 

I in  these  tA\ro  salts,  most  of  the  other  difficultly  soluble  salts  of  mercury 
are  also  readily  soluble.  The  cause  in  both  cases  is  to  be  found  in 
ohe  disappearance  of  dimercurion,  owing  to  the  formation  of  a complex 
compound. 

By  dissolving  mercui’ic  oxide  in  potassium  sulphite  and  crystallising, 
there  is  obtained  the  salt  K2Hg(S03)2,  AAdiich  is  the  potassium  salt 
bf  mercurisulphosion,  Hg(S03)2" ; potassium  hydroxide  is  also  formed 
it  the  same  time,  and  remains  in  the  mother  liquor.  The  exist- 
ence of  this  salt  in  the  strongly  alkaline  liquid  is  sufficient  to  sIioav 
chat  Ave  are  here  dealing  Avith  a complex  compound  of  mercury,  as 
mercuric  oxide  xvould  be  precipitated  from  an  ordinary  salt.  In  acid 
solution,  decomposition  soon  occurs,  Avith  separation  of  mercurous 
: sulphate. 

The  composition  of  the  solid  salt  Avhich  is  obtained  by  the  action 
f-nf  mercuric  oxide  on  potassium  thiosulphate  is  less  simple.  It  has 
>'  'jhe  composition  K10Hg3(S2O3)8,  and  it  has  not  yet  been  determined 
whether  this  also  expresses  the  composition  of  the  anion  in  solution, 
'.or  Avhether  Ave  are  dealing  Avith  a double  salt  formed  from  a salt  with 
i more  simple  anion  and  potassium  thiosulphate,  such  as  3K,Hg(S.,03).> . 
sJ2K2S203. 

This  salt  is  also  very  stable  in  alkaline  solution ; in  acid  solution, 
t deposits  mercuric  sulphide — in  the  black  form  Avhen  the  separation 
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takes  place  quickly,  and  red  when  it  occurs  slowly.  The  cause  of  thi 
difference  lies  in  already  known  principles. 

Thermochemistry  of  Mercury.  — On  account  of  the  man' 
slightly  dissociated  compounds  which  mercury  forms,  the  thermo, 
chemical  relations  of  that  metal  exhibit  a greater  diversity  than  i 
found  in  the  case  of  the  other  metals.  The  law  of  thermoneutrality 
for  example,  which  refers  strictly  only  to  completely  ionised  salt*- 
entirely  loses  its  validity  here,  and  instead  of  the  heat  effect  bein< 
zero  on  mixing  two  neutral  salts,  there  is  a more  or  less  considerable 
evolution  of  heat  when  with  the  ions  of  mercury  there  come  togethe. 
such  ions  as  unite  with  these  to  form  undissociated  compounds. 

Thus  the  heats  of  neutralisation  of  mercuric  oxide  with  th< 
different  acids  are  as  follows  : — 


Nitric  acid 
Hydrochloric  acid 
Hydrobromic  acid 
Hydrocyanic  acid 
Hydriodic  acid 


27  kj 
79  „ 
146  „ 
130  „ 
192  „ 


The  first  four  numbers  are  comparable,  as  they  refer  to  th  : 
dissolved  substances  ; the  last  refers  to  the  solid  mercuric  iodide  ant  | 
is  therefore  too  large  by  the  unknown  heat  of  precipitation  (the  head  j 
of  solution  with  opposite  sign).  The  differences  of  the  numbers  give 
the  heat  which  is  evolved  in  the  mutual  displacement  of  the  respective! 
ions.  The  three  halogen  compounds  also  dissolve  with  slight  evolit  i 
tion  of  heat  in  the  corresponding  halogen  compounds  of  potassium. 

The  heats  of  formation  of  the  solid  mercury  compounds  are  a 
follows:  mercurous  oxide,  Hg.,0,  93  kj ; chloride,  Hg2Cl2,  262  kj 
bromide,  Hg,Br2,  205  kj ; iodide,  Hg2I2,  119  kj ; mercuric  oxide  i 
HgO,  87  kj;  chloride,  HgCl2,  223  kj ; bromide,  HgBr,,  169  kj ; iodide. 

Hgl2,  102  kj;  sulphide,  HgS,  20  kj.  . 

It  is  very  remarkable  that  the  heat  of  formation  of  meicuiic  oxidh.| 
amounts  to  87  kj,  while  that  of  the  sulphide  is  only  20  kj,  althougL  f 
the  latter  is  incomparably  more  stable  than  the  former. 
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SILVER 

, general.  — On  account  of  its  remarkable  properties  and  of  its 
occurrence  in  the  metallic  state,  silver  is  one  of  the  longest  known 
aietals.  It  is  also  a typical  example  of  a “noble”  metal,  i.e.  one  which 
loes  not  undergo  oxidation  in  the  air  either  in  the  cold  or  in  the  heat ; 
under  the  most  varied  conditions,  it  completely  retains  its  metallic 
haracter,  even  externally.  This  resistibility,  together  with  its  fine 
ustre,  its  plasticity  and  comparatively  scarce  occurrence,  have  assured 
or  silver  its  use  for  costly  articles  and  for  coinage.  On  account  of 
;he  property  possessed  by  many  silver  compounds  of  undergoing 
ihemical  change  when  exposed  to  light,  this  metal  has  found  a very 
xtensive  technical  application  in  photography.  Further,  the  difficult 
olubility  of  many  silver  compounds,  especially  the  halogen  derivatives, 
;as  conditioned  the  use  of  silver  as  a reagent  in  the  laboratory,  and 
■as  made  it  indispensable  for  such  purposes. 

In  its  chemical  behaviour,  silver  exhibits  various  relationships.  A 
ond  of  union  with  the  alkali  metals  is  formed  by  its  elementary  ion  ; 
Dme  silver  compounds  are  also  isomorphous  with  the  corresponding 
Hium  compounds.  1 he  difficult  solubility  of  its  halogen  compounds 
Hies  it  to  the  cuprous,  mercurous,  and  the  thallous  compounds ; the 
ist  named  metal  forms  the  connecting  link  between  silver  and  the 
lkali  metals.  Silver  is  a metal  of  a fine  white  colour,  which  melts  at 
45°,  and  in  the  air  behaves  indifferently  towards  the  oxygen  and 
rater  vapour.  It  is  attacked,  however,  by  sulphuretted  hydrogen,  being 
inverted  into  silver  sulphide  ; many  organic  sulphur  compounds,  and 
ie  soluble  metallic  sulphides,  act  similarly.  Even  at  a comparatively 
gh  temperature,  oxygen  under  ordinary  pressure  does  not  act  on 
Iver;  if,  however,  the  pressure  is  increased,  the  pressure  of  decomposi- 
'l^n  of  silver  oxide  is  soon  exceeded,  and  the  latter  is  formed  from 
ver  and  oxygen. 

Besides  the  white  silver  in  coherent  condition,  there  are  other 
Srms  of  this  metal.  Thus,  when  silver  is  precipitated  in  the  metallic 
:ite  from  solutions  by  means  of  reducing  agents,  it  can  assume  a great 
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variety  of  colours  according  to  circumstances.  It  appears  that  th 
yellow  and  brown  forms  of  silver,  more  especially,  which  separate  on 
under  the  action  of  light  on  mixtures  of  silver  salts  and  organi 
substances  (which  have  a reducing  action),  are  amorphous;  they  an 
more  quickly  attacked  than  the  grey  and  black  forms  of  silver,  an  , 
also  change  into  these  under  the  influence  of  catalysers. 

Metallic  silver  also  has  the  property  of  passing  into  the  colloid;' 
condition.  This  colloidal  silver  is  obtained  by  reducing  silver  i 
alkaline  liquids,  and  also  when  an  electric  arc  is  produced  betwee  j 
silver  electrodes  under  water ; by  the  latter  means,  the  sil vei  is  firm 
volatilised  and  then  suddenly  precipitated  in  the  surrounding  wate  i 
whereby  it  passes  into  the  less  stable  form  of  colloidal  silvei.  Ihesi 
solutions  are  of  a brown  or  red  colour;  the  forms  of  colloidal  sfflvej 
obtained  by  chemical  means,  dry  up  to  masses  with  a metallic  lustr 
the  colour  of  which  can  be  altered  by  slight  influences,  so  that  it  passi- 
through  all  shades  of  yellow,  red,  violet,  and  green.  Notwithstanding 
their  metallic  lustre,  these  masses  do  not  behave  like  metallic  silvei 
since  they  do  not  conduct  the  electric  current.  They  are  unstably 
and  are  converted  by  many  catalytic  influences  into  ordinary  white 

Silver  is  not  attacked  by  dilute  acids  except  nitric  acid,  whin* 
readily  dissolves  it  with  evolution  of  nitric  oxide  and  formation  « 
silver  nitrate.  It  dissolves  to  the  sulphate,  also,  in  concentrated  bori 
ing  sulphuric  acid,  whereby  sulphur  dioxide  escapes.  It  is  vei- 
resistant  to  basic  substances ; crucibles  and  dishes  of  silver  are  usejgl 
the  laboratory  in  working  with  caustic  potash  and  soda,  as  tha  me  - 
is  not  attacked  to  any  considerable  extent  even  on  fusing  these  sui. 

In  the  pure  state,  silver  is  a white,  tenacious,  metal,  which  caJjl 
readily  drawn  into  wire  and  made  into  very  thin  sheets  by  ro  ingi 
hammering.  For  use,  it  is  alloyed  with  10  per  cent  of  copper  id  ordd 
to  make  ft  harder.  It  conducts  heat  and  electricity  very  well,  an 
occupies,  in  this  respect,  the  first  place  among  the  metals 

The  combining  weight  of  silver  is  an  important  magnitude,  si 
account  of  the  excellent  properties  of  its  halogen  compounds  hi 
analysis,  many  other  combining  weights  have  been  determined 
means  of  these.  The  following  method  has  been  used  m o 
establish  the  combining  weight  of  silver  with  respect  to  <*78®- 

Weighed  quantities  of  silver  chlorate  were  reduced  to  sUv. 
chloride^  since  three  combining  weights  of  oxygen  are  contaii 
one  combining  weight  of  chlorate,  we  have  the  proportion 

loss  of  weight  of  chlorate  __  J^om^i^ejght  of  o^gen 
weight  of  silver  chloride  combining  weight  of  silver  chlondf 

Thus,  in  one  experiment,  103-980  gm.  of  silver  chloride  ■ 
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ft!  obtained  from  138-789  gm.  of  silver  chlorate.  Since  the  threefold 
B combining  weight  of  oxygen  is,  in  accordance  with  our  assumption 
(p.  143),  48-000,  the  combining  weight  of  silver  chloride  is  143-381. 
Silver  was  now  converted  into  silver  chloride.  If  the  combining 

! weight  of  silver  chloride  is  divided  in  the  same  ratio  as  that  in  which 
analysis  has  shown  these  elements  to  be  combined  in  silver  chloride, 
the  two  separate  combining  weights  are  obtained. 

Thus,  144-207  gm.  of  silver  chloride  were  obtained  from  108-579 
gm.  of  silver.  We  have  therefore  the  proportion  : — 

Cl:  Ag  = (144-207— 108-579):  108-579, 

where  Cl  denotes  the  combining  weight  of  chlorine,  and  Ag  that  of 
.silver.  Hence  : — 

Ag=  107-93  and  Cl  - 35 -45. 

Argention. — Silver  forms  only  one  kind  of  elementary  ion,  viz. 
monovalent  argention,  Ag'.  Besides  this,  it  can  enter  into  many  com- 
plex ions,  especially  such  as  contain  nitrogen  and  sulphur. 

Argention  is  colourless,  and  with  respect  to  the  properties  of  its 
('compounds,  it  is  allied  to  the  monovalent  ions  of  copper  and  mercury. 
On  the  other  hand,  there  exist  relations  of  isomorphism  with  sodium. 
It  is  the  ion  of  a strong  base,  for  the  soluble  silver  salts  react  quite 
neutral  and  exhibit  no  hydrolysis,  although  almost  all  the  salts  of  the 
heavy  metals  do. 

This  is  not  in  conflict  with  the  fact  that  argention  passes  readily 
nto  the  metal  and  is  formed  from  this  with  difficulty,  for  we  are 
dealing  in  the  two  cases  with  essentially  different  chemical  relations 
md  transformations.  The  heat  of  formation  of  argention  from  the 
netal  has  a large  negative  value ; -106  kj  must  be  absorbed  in  order 
chat  silver  may  pass  into  its  ion.  Metallic  silver  is  also  readily  pre- 
oared from  its  salts  ; as  a rule,  contact  with  any  organic  substance, 
ispecially  in  light,  is  sufficient  for  this,  these  substances  then  becoming 
•mown  or  black  in  colour  owing  to  the  finely  divided  silver  which  sepa- 
-ates  out. 

Argention  is  a strong  poison  for  all  organisms.  Its  actions,  how- 
sver,  are  restricted  by  the  chloridion,  which  is  everywhere  present,  and 
vith  which  it  forms  a difficultly  soluble  compound. 

Silver  Oxide. — From  the  solutions  of  the  silver  salts,  soluble 
tases  do  not  precipitate  the  hydroxide  as  one  would  expect,  but  its 
nhydride,  silver  oxide,  Ag20.  This  is  a brown  powder,  which  is 
ufficiently  soluble  in  water  to  impart  to  it  an  alkaline  reaction  to 
egetable  dyes,  and  which  combines  very  readily  with  acids  to  form 

I liver  salts.  In  the  laboratory,  it  is  used  to  remove  halogen  from  dis- 
ced halogen  compounds,  and  to  replace  it  by  oxygen  or  hydroxyl, 
or  this  purpose,  it  is  freshly  prepared,  or  after  being  prepared,  it  is 
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kept  under  water,  since  it  coheres  together  on  drying,  and  is  then  pre, 
vented  by  its  physical  condition  from  complete  reaction. 

On  being  heated,  silver  oxide  decomposes  even  under  a red-heat  j 
with  evolution  of  oxygen,  and  a white  powder  of  silver  is  left  behind. 

Silver  Nitrate,  AgNO.j,  is  the  most  important  of  the  soluble  ; 
silver  salts.  It  is  obtained  by  the  dissolution  of  metallic  silver  in 
nitric  acid.  Since  ordinary  silver  contains  copper,  the  silver  nitrate  is  i 
freed  from  the  copper  salt  which  is  formed  at  the  same  time  by  , 
evaporation  and  fusion.  The  copper  nitrate  is  thereby  decomposed-! 
into  copper  oxide,  which  remains  behind,  and  nitrogen  peroxide  and 
oxygen,  which  escape,  while  the  silver  nitrate  is  undecomposed.  By»< 
treating  the  residue  with  water  and  filtering  from  the  copper  oxide,  a 
pure  solution  of  silver  nitrate  is  obtained. 

Silver  nitrate  is  very  readily  soluble  in  water.  It  crystallises  from' 
solution  in  monoclinic,  anhydrous  crystals  which,  in  the  pure  state, kren 
colourless  and  stable,  but  in  contact  with  organic  substances,  especially^ 
under  the  action  of  light,  they  are  reduced  and  become  blackened. : 
For  this  reason,  and  on  account  of  its  action  on  the  albuminoids,  with, 
which  it  forms  insoluble  compounds,  it  is  used  in  medicine  as  a cauteivf 
ising  agent,  and  from  this  it  has  derived  its  trivial  name  lunar  caustic. 
For  this  purpose,  it  is  usually  cast  into  thin  rods  ; the  melting  point  oil 
the  salt  is  very  low,  viz.  200°.  Silver  nitrate  is  also  soluble  in  alcohol,! 


especially  if  the  latter  contain  water.  . 

In  the  laboratory,  the  solution  of  silver  nitrate  is  used  tor  the: 
detection  and  determination  of  the  halogen  ions,  which  combine  with 
argention  to  form  difficultly  soluble  compounds.  It  is  also  used  as 
the  starting  substance  in  the  preparation  of  the  compounds  used  m 
photography. 

Silver  Chloride. — When  argention  and  chlondion  come  together 
in  aqueous  solution,  there  at  once  separates  out,  if  the  solutions  art 
not  extremely  dilute,  a white  precipitate  which  becomes  flocculent  on 
being  shaken,  and  turns  grey  on  being  exposed  to  light.  I his  u 

silver  chloride,  AgCl.  The  compound  also  occurs  in  nature  and,  oe 
account  of  its  outward  appearance,  is  called  horn-silver  ; it  is  a brownish 

substance  which  can  be  cut  with  a knife.  . 

Silver  chloride  is  soluble  to  an  extremely  small  degree  m Mater 
measurements  have  shown  that  at  medium  temperatures  1 '5  mi  hgn 
of  the  substance  is  contained  in  one  litre  of  saturated  silver 
solution.  It  is  considerably  more  soluble  in  concentrated  solutions  o 
other  chlorides  ; this  is  probably  due  to  the  formation  of  sinal ] quantit  e 
of  complex  compounds,  a well-marked  type  of  which  we  shall  laterfij 
in  the  case  of  silver  cyanide.  Silver  chloride  also  dissolves  m am  J 
and  in  thiosulphates  ; the  cause  is,  in  this  case  also,  the  foimation 

Avell-known  complex  compounds.  . * o-rev  viole 

When  exposed  to  light,  silver  chloride  passes  into  * g 
coloured  substance,  which  is  not  metallic  silver,  as  it  does  not  disa 
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in  dilute  nitric  acid.  It  has  recently  been  shown  that  silver  sub- 
)|  chloride,  Ag2Cl  or  Ag4Cl2,  is  here  formed,  which  can  be  again  con- 
i-i  verted  into  silver  chloride  by  means  of  chlorine.  Under  the  influence 
of  the  light,  a decomposition  of  the  silver  chloride  into  sub-chloride 
1m  and  free  chlorine  occurs  ; equilibrium  is  established  when  the  concen- 
tration of  the  chlorine  in  contact  with  these  two  substances  has  reached 
i a definite  value.  This  value  is  all  the  greater  the  stronger  the  light, 

, and  becomes  vanishingly  small  in  darkness.  In  the  case  of  this  equili- 
brium, therefore,  the  strength  of  the  light  plays  a role  similar  to  that 
of  temperature  in  the  decomposition  of  calcium  carbonate  by  heat. 

If  the  decomposition  is  carried  out  under  such  conditions  that  the 
chlorine  can  pass  into  other  compounds,  it  is  unlimited,  and  occurs  in 
proportion  to  the  strength  of  the  light  and  to  the  time.  The  use  of 
silver  chloride  for  making  copies  of  photographic  negatives,  depends  on 
this.  The  binding  of  the  liberated  chlorine  is  effected  by  the  organic 
• compounds  which  are  always  present. 

* The  action  of  light  on  silver  chloride  takes  place  more  slowly 
than  in  the  case  of  the  other  halogen  compounds  of  silver.  It  is  there- 
fore not  used  for  taking  photographs  directly,  as  it  is  not  sufficiently 
sensitive  for  this  purpose. 

* In  the  case  of  silver  chloride,  it  is  the  blue  and  the  violet  rays 
that  exhibit  the  greatest  chemical  activity.  The  region  of  active  raj^s, 
however,  can  be  shifted  to  a considerable  extent  by  the  presence  of 
i other  substances. 

Silver  chloride  is  the  form  in  which  chloridion  is  identified  and 
i determined ; the  determination  is  effected  by  adding  excess  of  silver 
i nitrate  to  the  solution  in  question,  and  filtering  off  and  weighing  the 
silver  chloride  produced. 

Conversely,  silver  can  be  determined  in  the  form  of  silver  chloride. 
■This  method  has  been  elaborated  chiefly  for  the  determination  of  this 
i metal  in  bar- silver  in  governmental  mints.  The  method  is  carried 
out  by  dissolving  a weighed  amount  of  the  metal,  and  adding  a solu- 
tion of  sodium  chloride  of  known  strength  until  a precipitate  just 
ceases  to  be  produced.  The  property  of  silver  chloride  of  cohering 
'together,  renders  this  method  possible ; for  a solution  which  still  con- 
tains an  excess  of  silver  can  be  made  quite  clear  by  shaking,  because 
the  silver  forms  into  flakes,  which  in  a few  moments  sink  down  and 
leave  a clear  liquid.  It  is  easy  to  see  if  a turbidity  is  produced  in  this 
on  the  addition  of  sodium  chloride.  This  is  historically  tlie  first  case 
in  which  the  method  of  volumetric  analysis  (p.  187)  was  elaborated. 

Silver  chloride  accumulates  from  many  chemical  analyses  ; further, 
it  is  a form  of  compound  into  which  other  silver  compounds  can  be 
ireadily  converted,  and  in  which  it  can  be  separated  from  other  sub- 
stances. The  need  often  arises,  therefore,  of  again  preparing  metallic 
silver,  or  other  compounds  of  silver,  from  the  silver  chloride.  This  is 
most  simply  done  by  pouring  dilute  acid  over  the  washed  chloride  and 
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placing  a vocl  of  metallic  zinc  in  the  paste.  Ihere  then  occurs  the 
reaction  2AgCl  + Zri  --  ZnC^  + 2Ag,  and  the  chloride  is  reduced  to  j 
grey  silver  powder.  This  is  freed  from  zinc  chloride  by  washing,  and  j 
then  readily  dissolves  in  dilute  nitric  acid,  forming  silver  nitrate. 

Silver  Bromide,  AgPr,  is  similar  to  silver  chloride,  but  is  con-  j 
siderably  less  soluble  than  this.  It  is  obtained  as  a yellowish-white,  , 
very  fine  precipitate  from  solutions  in  Avhich  its  two  ions  come'1 
together.  It  changes  colour  in  light  similarly  to  silver  chloride,  and  I 
in  accordance  with  the  same  laws.  In  ammonia,  silver  bromide  is  < 
much  less  soluble  than  silver  chloride,  but  it  still  dissolves  fairly  j 
readily  in  thiosulphates. 

Silver  bromide  is  the  most  important  substance  for  photographic.', 
pictures,  since  the  photographic  plates  at  present  used  are  chiefly 
made  with  this.  For  their  preparation,  ammonium  bromide  is  added  L: 
to  a solution  of  colourless  glue  or  gelatine,  and  to  this  a solution  i 
of  silver  nitrate  is  added,  light  being  excluded,  and  care  also  being  a 
taken  that  there  is  an  excess  of  the  bromine  salt.  Through  the: 
presence  of  the  gelatine,  the  silver  bromide  is  precipitated  in  a very 
tine,  almost  colloidal  condition.  The  precipitate  is  warmed  some  time 
with  the  gelatine,  whereby  the  silver  bromide  becomes  larger  grained, 
and  also  increases  in  sensitiveness,  i.e.  power  of  being  affected  by  then 
light.1  When  tlie  desired  condition  has  been  reached,  the  mass  is  • 
cooled  until  it  has  become  firm,  and  the  ammonium  nitrate  which  is 
formed  and  the  excess  of  ammonium  bromide  are  washed  out  with 
water.  The  washed  mass  is  then  drained,  licpiefied  by  warming,  and 
used  for  coating  glass  plates  ; after  drying,  the  glass  plates  are  ready  * 

for  exposure.  11 

These  “ silver  bromide-gelatine  plates  ” can  be  made  exceedingly 

sensitive  to  light,  so  that  exposures  in  a camera  of  less  than  a 
thousandth  of  a second  are  sufficient  to  produce  a picture.  . J 

At  first,  nothing  can  be  seen  on  the  exposed  plate  ; it  must.be* 
“developed.”  Developing  consists  in  placing  the  plate  in  a reducing, 
liquid.  For  this  purpose  there  is  used  either  a solution  of  potassium* 
ferro-oxalate  (p.  582),  or  alkaline  solutions  of  various  organic  com- 
pounds. These  liquids  have  the  property  of  decomposing  the  silver 


1 This  “ maturing  ” of  the  silver  bromide  1 
acal  than  in  neutral  solution.  On  what  this  (If 
ably  there  is  an  incipient  reduction  to  sub-bro 
and  it  is  in  accordance  with  known  laws  tin 
alkaline  than  in  neutral  or  even  acid  solution. 


I XXXV 


SILVER 


679 


j;  contain  a dense,  the  dark  parts  a slight  or  no  precipitate.  It,  after 
ii  sufficient  development,  the  remaining  silver  bromide  is  removed  by 
K dissolving  in  sodium  thiosulphate,  a “negative”  is  obtained,  i.e.  a 
Hi  picture  with  opaque  highdights  and  transparent  shadows, 
pi  On  what  the  property  of  the  illuminated  silver  bromide  of  being 
.„  more  quickly  reduced  depends,  is  still  somewhat  a matter  of  dispute. 

By  far  the  most  probable  view  is  that  under  the  action  of  the  light  an 
ri;  incipient  reduction  occurs,  and  therefore  a picture  of  silver  sub-bromide 
ii  exists  even  in  the  undeveloped  plate,  and  is  invisible  only  on  account 
of  its  small  density.  This  is  confirmed  by  the  fact  that  by  treatment 
with  free  bromine  or  any  other  oxidising  agent,  the  “latent”  picture 
Sis  made  to  disappear,  i.e.  its  power  of  being  developed  is  destroyed. 

The  development,  now,  depends  on  the  fact  that  a supersaturated 
fi  solution  of  silver  is  produced  by  the  reducing  liquid,  from  which  metal 
Sis  deposited  at  those  parts  where  there  are  already  nuclei  of  silver  pre- 
Ji.  sent  (p.  484).  These  are  presumably  formed  by  the  developer  from 
:the  readily  reducible  sub-bromide. 

Silver  Iodide,  Agl,  is  also  immediately  formed  when  its  ions 
income  together,  and  of  the  three  halogen  compounds  of  silver  it  is  by 
far  the  most  difficultly  soluble.  It  is  a yellow  powder  which  is  dis- 
solved only  in  traces,  even  in  ammonia,  and  requires  comparatively 
large  amounts  of  sodium  thiosulphate  for  its  solution.  It  readily  dis- 
solves, however,  in  potassium  cyanide.  This  proves  that  the  con- 
centration of  argention  is  relatively  greatest  in  its  complex  ammonia 
compound,  is  smaller  in  the  thiosulphate  compound,  and  is  smallest  in 
the  cyanogen  compound. 

# Silver  iodide  was  formerly  chiefly  used  as  photographic  sub- 
stance, and  this  both  for  the  method  of  Daguerre  (the  first  real  photo- 
graphic method)  and  for  the  later  collodium  process  which  is  still  in 
use  for  particular  purposes. 

# The  method  of  Daguerre  depends  on  the  fact  that  the  “ develop- 
ment ” of  an  exposed  silver  iodide  plate  is  accomplished  by  exjjosing 
the  illuminated  plate  to  the  vapours  of  mercury.1  A plate  of  silver 
(or  of  copper  coated  Avith  silver)  is  exposed  to  the  vapours  of  iodine, 

1 The  history  of  the  discovery  of  this  method  is  instructive  ; it  is  related  as  follows. 
Daguerre  had  first  attempted  to  utilise  directly  the  blackening  of  silver  iodide  in  light, 
and  had  directed  his  efforts  to  preparing  the  layer  in  such  a way  that  the  blackening 
should  occur  as  quickly  as  possible.  On  one  occasion  he  had  just  begun  to  take  a 
picture,  but  had  to  interrupt  his  avork,  and  since  no  blackening  had  as  yet  made  its  ap- 
pearance on  the  plate,  he  intended  to  use  it  for  a further  experiment,  and  placed  it 
therefore  in  a dark  press.  Next  day  he  found  the  picture  on  the  plate.  He  was  soon 
ible  to  assure  himself  that  a picture  was  always  produced  when  he  placed  a plate,  after 
i short  exposure,  in  the  press,  but  was  unaware  as  to  which  of  the  objects  present  in  the 
mpboard  produced  this  effect.  He  therefore  removed  these  objects  one  after  the  other, 
out  still  always  obtained  pictures  even  when  the  cupboard  was"  quite  empty.  In  other 
cupboards,  under  the  same  conditions,  no  picture  was  produced.  Finally,  he  discovered 
some  mercury  which  had  been  spilt  in  the  joints  of  the  wood,  and  on  making  the  appro- 
priate experiment,  he  found  that  the  picture  was  developed  by  being  left  ovef  metallic 
mercury. 
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illuminated  in  the  camera,  and  finally  introduced  into  mercury  vapour.  j,l 
The  small  drops  of  mercury  are  then  precipitated  chiefly  on  those  $ 
parts  which  have  been  most  illuminated,  and  when  the  plate  is  so  |j 
viewed  that  the  parts  remaining  bright  reflect  a dark  surface,  the  du|pj 
parts  coated  with  mercury  appear  bright,  the  other  parts  dark  ; a 
positive  is  therefore  directly  obtained. 

That  the  mercury  vapour  is  deposited  differently  on  the  illurai- , 
nated  parts  from  what  it  is  on  the  non-illuminated,  was  subsequently  \ 
recognised  as  a case  of  a general  phenomenon  ; every  change  in  a 
surface  conditions  a change  in  the  condensation  of  a vapour,  apparently  . 
owing  to  the  alteration  of  the  “metastable  limit”  (p.  117). 

* In  the  collodium  method  an  iodide  is  dissolved  in  collodium  (a  .. 
solution  of  gun-cotton  in  ether,  which,  on  evaporation  of  the  ether,  . 
leaves  the  dissolved  substance  behind  in  the  form  of  a glassy  skin),  the  - 
collodium  spread  on  a glass  plate,  and  this  then  introduced  into  a 
solution  of  silver  nitrate.  Silver  iodide,  which  is  sensitive  to  light,  is  - 
then  precipitated  in  the  layer.  In  this  case  also  the  picture  must  he 
developed.  The  development  is  carried  out  with  a solution  of  ferrous 
sulphate,  which  reacts  with  the  silver  nitrate  which  moistens  the  film,  c 
and  causes  a separation  of  silver.  This  separation  does  not  take  place  t 
instantaneously,  and  the  separated  silver  is  deposited  chiefly  on  the  > 
illuminated  parts.  The  theory  of  this  development  is  therefore  the  e 
same  as  in  the  case  of  the  silver  bromide  plates,  and  depends  on  the  - 
behaviour  of  nuclei  towards  supersaturated  solutions.  After  develop-  d 
ment  the  plate  is  treated  with  a solution  of  potassium  cyanide,  in  r 
which  the  excess  of  silver  iodide  is  dissolved,  while  the  silver  of  i 
which  the  picture  consists  remains  undissolved. 

* The  silver  iodide  method  has  in  most  cases  been  superseded  by 
the  silver  bromide  method,  because  the  silver  bromide  plates  can  be  tfl  ■ 
prepared  any  length  of  time  before  being  used,  and  are  also  much  more 
sensitive  to  light,  whereas  the  silver  iodide  plates  must  be  used  wet. 
The  latter,  however,  give  sharper  and  clearer  pictures,  and  are  used  in  i 
cases  where  this  property  is  of  especial  importance,  e.g.  in  the  photo- 
mechanical preparation  of  printing  blocks. 

Silver  Sulphate,  Ag.2S04,  is  a rather  slightly  soluble  salt  which 
is  obtained  by  the  action  of  concentrated  sulphuric  acid  on  metallic  d 
silver.  It  is  more  soluble  in  dilute  sulphuric  acid,  with  forma-  . 
tion  of  an  acid  salt.  It  is  isomorphous  with  anhydrous  sodium  nj 
sulphate. 

Silver  Carbonate,  Ag2C03,  is  obtained  as  a bright  yellow-coloured ■ I 
precipitate  by  the  precipitation  of  a soluble  silver  salt  with  a soluble  ■ 
carbonate.  The  existence  of  the  normal  carbonate  is  a f ui  tlier  pioo  M 
that  silver  hydroxide  is  a strong  base,  since  otherwise  in  the  case  of| 
the  heavy  metals  the  partially  hydrolysed  basic  carbonates  are  almost* 
the  only  ones  that  can  be  obtained  from  aqueous  solution. 

Silver  Sulphide,  Ag2S,  is  formed  as  a black-brown  precipitate.* 
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iwhen  silver  solutions  of  any  kind  are  treated  with  sulphuretted 
hydrogen.  The  sulphide  is  extremely  difficultly  soluble,  and  is  also 
formed  even  in  solutions  in  which  silver  is  contained  as  a complex  com- 
pound. The  explanation  of  this  is  that  the  ions  of  the  metals  are  also 
separated  from  the  complex  compounds,  although  generally  in  exceed- 
ingly small  amount.  In  the  case  of  the  silver  salts  the  concentration 
of  the  argention  so  produced  is  almost  always  sufficiently  great  for  the 
small  solubility  product  of  the  silver  sulphide  to  be  exceeded  when 
sulphidion  is  added  to  the  solution. 

The  ease  with  which  silver  sulphide  is  formed  from  metallic  silver 
and  sulphur  compounds  has  been  already  mentioned  (p.  673).  It  is 
made  use  of  in  analytical  chemistry  for  the  detection  of  sulphur  in  its 
compounds.  The  latter  are  fused  with  soda  and  charcoal,  whereby 
sodium  sulphide  is  formed,  and  the  mass  placed  on  moistened,  polished 
silver-foil.  If  sulphur  is  present  a brown  stain  is  produced  of  silver 
sulphide. 

Silver  sulphide  is  readily  oxidised  by  nitric  acid  and  converted  into 
silver  sulphate.  It  undergoes  the  same  transformation  on  being 
i carefully  heated  in  the  air.  A method  of  obtaining  silver  from  the 
naturally  occurring  silver  sulphide,  silver  glance,  depends  on  this.  The 
, sulphate  which  is  formed  is  extracted  with  hot  water. 

Silver  Cyanide. — When  argention  and  cyanidion  come  together, 

: the  compound  AgCN  separates  out  as  a white  precipitate,  very  similar 
i to  silver  chloride,  and  is  readily  soluble  in  an  excess  of  the  cyanide, 

: forming  a complex  compound  which  no  longer  exhibits  most  of  the 
•silver  reactions.  Only  the  precipitation  with  sulphuretted  hydrogen 
occurs,  in  consequence  of  the  very  small  solubility  of  silver  sulphide. 

The  compound  which  is  present  in  the  solution  is  the  salt  of 
argenti cyanidion,  Ag(CN)2' ; on  using  potassium  cyanide,  therefore, 
f potassium  argenticyanide,  KAg(CN)2.  From  the  solution  the  salt 
lKAg(CN)2  can  easily  be  obtained  in  white  crystals.  Since  the  com- 
plex ion  Ag(CN)2'  is  very  stable,  and  splits  off  extremely  little  argen- 
tion, the  soluble  cyanides  are  solvents  for  all  silver  salts  except  silver 
> sulphide. 

Potassium  argenticyanide  is  used  in  the  arts  for  the  electrical 
- deposition  of  silver  on  other  metals.  For  the  solutions  of  this  salt 
have  the  valuable  property  that  the  silver  is  obtained  from  them  in 
the  form  of  a coherent  coating,  while  in  the  electrolysis  of  the  simple 
silver  salts  the  metal  is  deposited  crystalline.  From  the  latter  also 
silver  is  at  once  precipitated  by  chemical  displacement  on  contact  with 
the  less  noble  metals  which  are  to  be  silvered  ; it  is  then  obtained  in 
the  form  of  a grey  powder,  and  cannot  adhere  to  the  underlying  metal, 
for  the  simple  reason  that  the  surface  of  this  is  dissolved  in  the 
chemical  process. 

In  the  solution  of  the  complex  salt,  however,  the  concentration  of 
the  argention  is  so  small  that  this  direct  reaction  does  not  occur  to  a 
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measurable  extent,  and  the  separation  of  silver  takes  place  only  on 
passing  the  electric  current. 

* On  considering  the  formula  of  potassium  argenticyanide, 

K . Ag(CN).,,  it  is  seen  that  the  product  of  electrolysis  should  be,  on 
the  one  hand,  potassium,  and,  on  the  other,  the  discharged  anion, 
Ag(CN).,.  Instead  of  this  silver  appears  at  the  cathode,  and  the  anode  jj 
(consisting  of  silver)  dissolves.  We  are  dealing  in  both  cases  with'  1 
so-called  secondary  reactions. 

* The  separation  of  potassion  at  the  cathode  would  require  a 
much  higher  potential  than  that  of  argention,  in  spite  of  the  small 
concentration  of  the  latter.  Thus  the  conduction  of  the  current  in 
the  electrolyte,  it  is  true,  is  effected  as  far  as  the  cathode  by  potassion. 
The  transference  of  electricity  at  the  cathode,  however,  occurs  not  by 
the  discharge  of  potassion,  but  by  that  of  the  aigention.  Formally, 
the  matter  can  also  be  expressed  by  saying  that  potassium  is  indeed 
formed,  but  at  once  undergoes  double  decomposition  with  the  salt 
present  with  separation  of  silver,  according  to  the  equation  KAg(CN),  + 

Iv  = Ag  + 2KCN.  Silver  and  potassium  cyanide  are  therefore  formed. 

* At  the  anode  the  ion  Ag(CN)2'  is  discharged,  and  acts  on  the  I 
metallic  silver,  silver  cyanide  being  formed  according  to  the  equation  | 
Ag  + Ag(CN).,  = 2AgCN.  This  is  at  once  dissolved  to  potassium 
argenticyanide  by  the  excess  of  potassium  cyanide  present,  and  the  • i 
consumption  of  the  latter  is  again  made  good  by  the  potassium  cyanide  | 
which  is  formed  at  the  cathode.  It  is  necessary,  however,  to  keep  the  «j  j 
bath  in  movement,  as  otherwise  the  potassium  cyanide  would  accumu- 
late at  the  cathode,  and  would  hinder  the  separation  of  the  silver,  j 
while  at  the  anode  a deposition  of  silver  cyanide  would  immediately 
occur  on  account  of  a lack  of  potassium  cyanide. 

Complex  Salts  in  the  Voltaic  Cell. — When  voltaic  cells  are  con- 1 1 
structed  with  silver  in  solutions  of  ordinary  silver  salts,  it  is  found  that  : 
silver  is  almost  at  the  end  of  the  potential  series,  which  is  a sign  that  t j 
the  formation  of  the  ion  takes  place  with  greater  difficulty  than  in  the  i 
case  of  most  of  the  other  metals,  and  conversely,  the  ion  is  very  ready  ■ 
to  pass  into  the  metal.  Thus  with  zinc  there  is  obtained  the  potential  ill 
1'57  volt,  and  even  with  copper  there  is  a potential  of  0-47  volt 
(p.  635).  If,  however,  the  solution  at  the  silver  electrode  is  replaced  by 
a solution  of  potassium  cyanide,  then  according  to  the  concentration  of  ' 
this  the  potential  of  silver  sinks  much  below  copper,  and  with  very  j 
concentrated  solutions  can  even  sink  below  zinc.  In  the  solution  of 
potassium  cyanide  the  silver  loses  its  character  as  a noble  metal,  and 
acquires  that  of  a readily  oxidisable  one.  This  is  also  apparent  chemi- 
cally, for  if  silver  powder  is  shaken  with  a solution  of  potassium 
cyanide  it  is  fairly  rapidly  dissolved,  and  on  being  acidified  a white 
precipitate  of  silver  cyanide  is  deposited  from  the  liquid.  1 

Similar  phenomena  are  often  found  in  the  case  of  substances  which 
form  complex  compounds  with  silver  (and  other  metals  beha\  e quite 
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g.  similarly).  To  find  the  explanation  we  shall  first  make  ourselves 


Cells  can  be  constructed  in  which  one  of  the  metals,  instead  of 
jj,;  being  surrounded  by  a solution  of  its  salt,  is  in  contact  with  its  solid 
j salt.  This  is  the  case,  for  example,  in  the  lead  accumulator,  one 
X;  electrode  of  which  is  formed  of  lead  in  solid  lead  sulphate  (p.  653).  If 
!.  the  potential  of  such  cells  is  investigated,  it  is  found  that  the  particular 
metal  has  always  shifted  its  position  in  the  potential  series,  and  always, 
without  exception,  towards  the  zinc  end.  Thus  in  a cell  of  zinc  and 
• silver  there  is  found,  when  the  zinc  electrode  is  left  unchanged  : — 


In  the  case  of  the  iodide,  therefore,  the  potential  decreases  by  0-91 
volt,  and  is  considerably  different  for  the  three  “insoluble”  salts. 

The  explanation  is  found  on  more  closely  studying  the  process 
which  occurs  on  the  passage  of  the  current  through  such  a cell.  On 
the  silver  side  the  silver  is  transformed  from  the  ionised  state  into  the 
metallic.  Argention,  however,  can  exist  ordy  in  solution.  We  must 
therefore  conclude  that,  in  spite  of  their  apparent  insolubility,  all  the 
i above  salts  are  really  dissolved.  This  has  also  been  proved  in  other 
ways,  for  if  as  pure  water  as  possible  is  shaken  with  silver  chloride  the 
•electrical  conductivity  perceptibly  increases,  i.e.  conducting  ions  pass 
into  the  liquid,  and  these  can  only  be  silver  and  chloride  ions,  since 
none  other  are  possible. 

Now,  the  work  which  is  necessary  for  the  sepai’ation  of  an  ion  from 
its  solution  depends  not  only  on  the  nature  of  the  ion,  but  also  on  its 
concentration  in  the  solution,  and  it  becomes  all  the  greater  the  smaller 
the  concentration.  Conversely,  a metal  passes  all  the  more  readily 
into  its  ion  the  smaller  the  concentration  of  this  in  the  solution  in 
which  it  is  to  be  formed.  If  this  is  correct  the  position  of  every  metal 
must  be  shifted  towards  the  zinc  end,  when  it  is  placed  in  a solution 
which  is  less  concentrated  in  respect  of  its  ion,  and  vice  versa.  It  must 
therefore  be  possible  to  construct  cells  which  will  exhibit  an  electro- 
motive force,  simply  by  placing  the  same  metal  in  two  solutions  of 
one  of  its  salts  of  different  concentration.  This  is  indeed  the  case, 
and  the  currents  which  are  thereby  produced  act  always  in  such  a 
sense  that  the  metal  in  the  dilute  solution  is  dissolved ; conversel}q 
in  the  concentrated  solution  metal  is  deposited.  In  other  words,  the 
currents  tend  to  equalise  the  differences  of  concentration. 

The  differences  in  the  potential  of  the  silver  in  the  table  given 
above  are,  therefore,  the  expression  of  the  differences  in  the  concentra- 
tion of  argention  in  the  different  cases,  i.e.  of  the  solubility  of  the 
respective  silver  compounds.  Of  the  three  halogen  compounds  the 


acquainted  with  another,  generally  smaller,  deviation  from  the  potential 

|t'  series. 


Zinc  against  silver  in  silver  nitrate 


silver  chloride  . 
silver  bromide  . 
silver  iodide 


1/57  volt 
1-06  „ 
0-93  ,, 
0-66  „ 
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chloride  is  the  most  soluble,  the  iodide  the  least ; this  result  agrees 
exceedingly  well  with  other  known  facts. 

On  attempting  to  apply  these  considerations  to  the  case  of  silver  in 
a solution  of  potassium  cyanide,  there  appears  to  be  a contradiction 
for  silver  occupies  its  remarkable  position  even  in  a solution  of  potassium 
argentieyanide,  in  which  the  amount  of  silver  present  can  be  very 
considerable.  The  contradiction  is  removed  on  reflecting  that  it  is  not'  i 
a question  of  the  absolute  concentration  of  silver  in  the  solution,  but  of  i 
the  concentration  of  the  argention.  This  and  this  alone  is  determinative  i 
for  the  electrochemical  interchange  between  the  electrode  and  then 
solution,  and  as  we  already  know  that  the  concentration  of  argention  i 
in  the  complex  solutions  is  very  small,  the  agreement  is  perfect. 

This  result  can  be  still  somewhat  more  closely  tested.  It  has  been  i 
stated  that  silver  iodide  readily  dissolves  in  potassium  cyanide.  Accord-  k 
ing  to  the  doctrine  of  the  solubility  product,  this  is  possible  only  if  the.-; 
concentration  of  argention  in  the  solution  of  potassium  cyanide  is  > 
smaller  than  in  the  saturated  aqueous  solution  of  silver  iodide.  If, 
however,  this  is  the  case,  then  the  potential  of  the  silver  in  the  solution  « 
of  potassium  cyanide  must  be  shifted  more  towards  the  zinc  end  than 
in  the  solution  of  potassium  iodide.  This  has  been  shown  by  experi-?, 
ment  to  be  the  case.  In  a moderately  concentrated  solution  of  potassium:, 
cyanide  containing  silver,  the  potential  of  silver  against  zinc  was  found ^ 
to  be  0-26  volt,  while  for  silver  iodide  it  is  0'66  volt. 

Silver  Thiocyanate. — Silver  thiocyanate,  AgSCN,  is,  in  appear- 
ance and  solubility,  very  similar  to  the  chloride.  It  is  formed  as  a « 
white  fiocculent  precipitate  when  its  ions  come  together  in  aqueous: 
solution. 

On  account  of  the  ease  with  which  thiocyananion  can  be  detected  ■ 
by  means  of  triferrion  (p.  575),  it  is  employed  for  the  determination  of 
silver  in  analysis.  For  this  purpose  a ferric  salt  (generally  iron  alum) 
is  added  to  the  silver  solution,  which  is  then  acidified  with  nitric  acid.  1 
Into  this  a solution  of  potassium  thiocyanate  of  known  strength  is 
allowed  to  flow  from  a burette  until  the  red  colour  of  the  ferric - 
thiocyanate  remains  after  stirring.  The  amount  of  silver  present  is 
proportional  to  the  amount  of  thiocyanate  solution  employed. 

In  the  same  way,  the  halogen  ions  can  be  determined  by  adding  to 
the  solutions  a known  excess  of  silver  solution,  and  titrating  back  the  » 
latter  with  thiocyanate  solution.  While  this  method  possesses  no . 
difficulty  in  the  case  of  bromidion  and  iodidion,  the  reaction  is  some- 
what less  definite  in  the  case  of  chloridion,  because  when  the  titration 
is  finished  the  slight  excess  of  thiocyananion  present  undergoes  double 
decomposition  with  the  silver  chloride,  and  the  iron  coloration  thus  - 
becomes  much  weaker.  This  difficulty  can  be  avoided  by  first  filtering’, 
off  the  silver  chloride  ; the  method,  however,  thereby  loses  much  of  its 

simplicity.  t 

Complex  Silver  Compounds.— In  the  preceding  descriptions  a 
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■ the  silver  compounds  mention  has  repeatedly  had  to  be  made  of  the 
a;  complex  compounds  which  are  formed  by  silver.  As  in  the  case  of 
mercury,  these  are  chiefly  nitrogen  and  sulphur  compounds.  The 
>1  halogens,  however,  have  much  less  tendency  to  form  complex  com- 
i,  pounds  with  silver.  For  in  the  case  of  the  latter  the  signs  of  the 
i formation  of  such  complexes  are  limited  to  the  fact  that  the  difficultly 
soluble  halogen  compounds  of  silver  dissolve  in  the  concentrated 
A solutions  of  the  corresponding  alkali  salts  more  readily  than  in  pure 
.}*•  water,  and  also  that  these  solutions  are  not  precipitated  by  caustic 
potash.  Well-defined  compounds  are  scarcely  known  in  the  solid  state.- 
Of  the  complex  compounds  containing  nitrogen  the  cyanogen 
compounds  have  been  already  treated  (p.  G81).  The  ammonia  com- 
pounds are  still  deserving  of  mention.  If  ammonia  is  added  to  a 
silver  solution,  a precipitate  of  silver  oxide  is  first  formed.  This, 
however,  readily  dissolves  in  excess  of  ammonia,  and  there  is  contained 
in  the  solution  the  complex  ion  Ag(NH3)2\  The  corresponding  salts 
are  obtained  in  the  solid  state  by  evaporating  the  solution ; the  fine 
crystalline  nitrate  Ag(NHg)2N03  is  particularly  well  known.  By 
reason  of  the  formation  of  this  complex  ion  many  difficultly  soluble 
silver  salts  dissolve  in  ammonia  solution.  Since,  however,  the  complex 
is  partially,  although  very  slightly,  dissociated  into  ai'gention  plus 
ammonia,  the  solvent  power  is  not  unlimited.  The  saturated  solution 
of  silver  bromide  has  approximately  a concentration  corresponding  to 
the  concentration  of  argention  in  the  solutions  of  the  silver  ammonia 
-salts.  Equilibria  can  therefore  be  observed  when  ammonia  acts  on 
silver  bromide,  for  the  solubility  is  found  to  be  limited,  and  is  greatly 
restricted  by  the  presence  of  the  other  ion,  bromiclion.  Finally,  the 
solubility  of  silver  iodide  is  so  much  below  the  concentration  of  the 
argention  in  the  ammoniacal  solution  that  it  is  scarcely  dissolved  to  an 
appreciable  extent. 

Besides  the  above  complex,  others  apparently  exist  in  which  the 
components  are  in  other  proportions,  but  as  yet  nothing  definite  is 
known  of  these.  In  any  case  the  one  mentioned  is  the  most  stable. 
Silver  also  readily  replaces  the  hydrogen  of  the  imido-group,  NH, 
f 'with  formation  of  corresponding  complexes.  These,  however,  chiefly 

0 belong  to  organic  chemistry,  and  cannot  be  discussed  here.  The 
hydrogen  of  the  amido-group,  N H2,  is  also  replaced  by  silver. 

The  solubility  of  silver  compounds  in  thiosulphates  is  also  due  to  the 

1 formation  of  complexes.  These  can  be  regarded  as  thiosulphates  in 
• ■which  hydrogen  is  replaced  by  silver — in  such  a way,  however,  that  the 

■isaline  compound  which  is  formed  does  not  dissociate  like  an  ordinary 
salt  into  ions,  but  remains  combined.  In  this  way  only  one  of  the  two 

3 combining  weights  of  the  hydrogen  of  the  thiosulphuric  acid  is 
replaced.  Since  it  is  assumed  that  one  of  these  is  present  in  the 
thiosulphuric  acid  as  hydroxyl,  the  other  as  sulphhydryl,  the  further 
iU  assumption  is  probable  that  the  silver  replaces  the  hydrogen  of  the 
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sulplihydryl,  because  its  power  of  combining  witli  sulphur  is  certainly  j 
more  highly  developed  than  its  power  of  combining  with  oxygen.  The  { 
argentithiosulphanion  which  is  here  formed  would  therefore  have  the  i' 
formula  AgS . SO;!'. 

From  the  solutions  obtained  by  the  saturation  of  sodium  tlviosul- 
phate  with  silver  salts  two  different  salts  crystallise  out.  One  of  these  ■ 
is  difficultly  soluble,  and  its  composition  corresponds  to  the  above’  \ 
formula,  the  hydrogen  being  replaced  by  sodium ; the  other  is  readily 
soluble,  contains  twice  as  much  sodium,  but  its  nature  has  not  yet 
been  cleared  up.  The  formulae  of  these  salts  are  Na(803 . SAg)  and  i 
2Na(S03SAg)  + Na2S203. 

The  complex  character  of  the  compounds  is  proved  not  only  by  the  •• 
solubility  relations,  but  also  by  the  fact  that  they  both  have  a remark- 
ably sweet  taste,  whereas  otherwise  the  silver  compounds  have  an  t 
unpleasant,  metallic,  astringent  taste. 

The  formation  of  these  compounds  occurs  when  sodium  thiosulphate  4 
is  employed  to  dissolve  difficultly  soluble  silver  salts.  This  application  tt 
is  very  widely  extended  in  photography.  If  it  is  desired  to  separate  ■ 
the  silver  from  them,  an  alkali  sulphide,  which  precipitates  silver  : 
sulphide  from  the  solution,  is  the  most  suitable  for  the  purpose.  The .» 
solubility  of  silver  sulphide  is  so  small  that  it  is  practically  completely  y 
precipitated  even  from  the  complex  compound. 

Sodium  sulphite  behaves  similarly  to  sodium  thiosulphate.  A salt,  \ 
Na(S03)Ag,  which  is  difficultly  soluble  in  water,  and  which  can  be  - 
regarded  as  the  sodium  salt  of  argenti sulphurous  acid,  is  also  known. 

° Metallurgy  of  Silver. — Most  of  the  silver  is  obtained  as  an 
admixture  in  lead  in  the  preparation  of  the  latter  metal  from  galena  t 
(p.  655).  For  the  purpose  of  separating  the  two  metals  use  is  made 
of  the  difference  of  their  behaviour  to  oxygen.  The  lead  containing  . ■ 
silver  is  fused  and  exposed  to  the  action  of  the  atmospheiic  oxygen, 
the  lead  is  thereby  oxidised,  its  oxide  flowing  off  as  litharge,  and  the 
silver  remains  behind.  The  completion  of  the  separation  is  recognised® 
by  the  disappearance  of  the  coating  of  lead  oxide  and  the  appearance  * 
of  the  lustrous  surface  of  the  silver  (the  “ figuration  of  silver”). 

If  the  argentiferous  lead,  or  “work-lead,”  is  very  poor  in  silver,  it 
is  more  advantageous  to  separate  it  by  means  of  a process  of  crystalhsa- 1 
tion  into  pure  lead  and  an  alloy  richer  in  silver.  This  is  done  bv 
allowing  the  fused  work-lead  to  slowly  cool.  Pure  lead  then  crystal- 1 
lises  out  and  a mother  liquor,  comparatively  rich  in  silver,  remains  • 
behind,  just  as  from  a salt  solution  pure  water  crystallises  out  as  ice 
and  a mother  liquor  richer  in  salt  is  formed.  By  continuing  this 
separation,  a condition  is  finally  reached  in  which  silver  also  begins  to 
separate  out,  i.e.  in  which  the  solution  is  saturated  111  respect  of  silver.* 
A further  separation  in  this  way  is  then  impossible,  since  the  mixture  4 
of  lead  and  silver  which  separates  out  has  the  same  composition  as  the 
mother  liquor. 
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For  the  above  purpose,  use  is  also  made  of  the  law  of  distribution 
(p.  230),  the  work-lead  being  fused  with  zinc.  In  the  liquid  state 
these  two  metals  are  almost  immiscible ; the  silver  is,  however,  much 
more  soluble  in  zinc  than  in  lead.  The  work-lead,  therefore,  behaves 
towards  zinc  like  an  aqueous  solution  of  iodine  towards  carbon  disul- 
phide (p.  230),  and  the  silver  passes  for  the  most  part  into  the  zinc. 
The  layer  of  zinc  rich  in  silver  is  allowed  to  solidify  and  removed  from 
the  desilverised  lead.  The  two  metals  can  be  separated  by  heating  in 
a current  of  steam,  whereby  the  zinc  is  oxidised,  or  by  treating  with 
. dilute  acids,  whereby  it  is  dissolved. 

Besides  this  method  there  are  also  many  others.  Certain  ores  of 
silver  are  roasted  with  addition  of  common  salt ; the  silver  thereby 
I passes  into  silver  chloride,  which  can  be  extracted  with  a concentrated 
• solution  of  sodium  chloride,  ammonia,  potassium  cyanide,  or  sodium 
thiosulphate.  In  other  cases  when  silver  sulphide  is  present,  the  latter 
can  be  converted  by  roasting  into  silver  sulphate,  which  is  extracted 
with  hot  water  and  converted  into  silver  by  means  of  copper  or  iron. 
Various  methods  depend  on  the  use  of  mercury  for  the  reduction  and 
extraction  of  the  silver ; finally,  silver  which  has  in  any  way  been 
converted  into  aqueous  solution,  can  be  readily  precipitated  in  the 
metallic  state  by  the  electric  current. 

. Eutectic  Mixtures. — The  phenomenon  which  has  just  been 
mentioned,  that  from  a liquid  mixture,  a mixture  of  solid  substances 

■ separates  out  having  the  same  com- 
, position  as  the  solution,  is  not  limited 

to  the  present  case,  but  is  of  universal 
occurrence,  being  met  with  in  all  cases 
where  two  substances  A and  B can  be 
mixed  in  the  liquid  state  in  all  pro- 
portions. 

To  get  a clear  idea  of  this,  we  re- 
present the  composition  of  the  liquid 
mixtures  along  the  line  AB  (Fig.  118) 
by  dividing  this  in  the  ratio  of  the 
: amounts  of  substance  present  in  the 

■ solution ; A therefore  represents  the 
pure  substance  A,  B the  pure  sub- 
stance B,  and  every  point  lying  be- 
tween these,  a mixture  of  the  two. 

I The  temperatures  at  which  the  corresponding  mixture  is  in  equilibrium 
with  solid  substance  are  measured  perpendicular  to  AB.  The  melting- 
point  of  A is  then  represented  by  a,  and  that  of  B by  b. 

If  a small  quantity  of  B is  added  to  pure  A,  the  melting  point  of 
the  latter  falls,  in  accordance  with  the  general  rule  (p.  155),  the 
depression  being  all  the  greater  the  larger  the  amount  of  B added. 

»The  change  is  almost  proportional  to  the  amount  added,  so  that  the 
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corresponding  temperatures  are  represented  by  an  almost  straight 
line  a/c. 

The  same  considerations  can  be  applied  to  B ; from  the  point  b a 
straight  line  must  also  sink  towards  the  left  representing  the  tempera- 
tures at  which  the  liquid  mixture  is  in  equilibrium  with  solid  B,  i.e. 
the  melting  points  of  B in  presence  of  the  mixed  liquid.  The  two 
lines  will  cut  in  a point  k. 

Now,  along  ak  the  liquid  is  in  equilibrium  with  solid  A,  along  bit,  . 
with  solid  B.  In  the  point  k,  therefore,  the  liquid  is  in  equilibrium  i 
with  both  solid  substances,  and  as  the  two  lines  cut  only  in  one  point, 
there  is  only  one  liquid  mixture  which  is  in  equilibrium  at  one  and  the 
same  time  with  the  two  solid  substances. 

This  follows  also  from  the  phase  law.  We  have  two  components,  . 
and  in  the  point  k four  phases  are  present,  viz.  the  liquid,  the  two 
solid  substances,  and  vapour.1  There  is  therefore  no  degree  of  freedom 
remaining,  and  all  the  variables,  viz.,  pressure,  temperature,  and  com- 
position, have  definite  values. 

If,  therefore,  any  liquid  mixture  whatever  is  cooled,  that  one  of ; 
the  two  substances  will  separate  out  which  is  in  excess  with  respect  of 
the  composition  represented  by  the  point  lc.  This  continues  with  fall  1 
of  temperature  until  the  point  k is  reached.  At  this  point  the  two  ) 
substances  separate  out  at  the  same  time  and  in  such  proportions  t hat  t 
the  melting  point  and  the  composition  of  the  liquid  remain  unchanged. 

A mixture  corresponding  to  k behaves,  therefore,  like  a simple  sub-  - 
stance,  for  it  exhibits  a constant  melting  point  although  it  is  a mixture.  .! 
The  relations  are  very  similar  to  those  in  the  case  of  acids  of  constant : 

boiling  point  (p.  182).  ...  . I 

Such  a mixture  of  constant  melting  point  is  called  a eutectic  mixtuM,  . 
and  the  point  k the  eutectic  point.  The  melting  point  of  a eutectic 
mixture  is,  necessarily,  always  under  that  of  its  components,  and  is  all  1 
the  more  so  the  nearer  the  melting  points  of  the  two  pure  substances  ■ 
are  to  one  another.  Fig.  118,  in  which  various  possible  cases  are  !j 
represented,  allows  of  these  relations  being  readily  seen. 

1 If  the  vapour  is  excluded  one  degree  of  freedom  is  obtained,  i.e.  the  point  k moves  - 
(very  slightly)  with  the  pressure. 
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General. — Thallium  occupies  a remarkable  intermediate  position 
between  various  other  elements.  By  reason  of  the  physical  pro- 
perties of  the  free  element,  it  is  allied  to  lead,  for,  like  this,  it  is 
soft,  ductile,  and  has  a high  density.  Its  hydroxide,  which  is  readily 
soluble  in  water,  procures  it  a position  along  with  the  alkali  metals, 
with  which  it  is  isomorphous  in  various  compounds ; its  difficultly 
soluble  halogen  compounds  bring  it  near  to  silver,  copper,  and 
mercury,  and  in  another  series  of  compounds  it  exhibits  relations  to 
the  trivalent  elements  aluminium  and  iron. 

Thallium  was  discovered  by  means  of  the  spectroscope ; all  its 
compounds  on  being  heated  in  the  Bunsen  flame,  in  which  they 
quickly  volatilise,  give  a green  coloration  which  on  being  examined 
with  the  spectroscope  appears  as  a single  bright  green  line. 

Thallium  occurs  only  in  small  quantity  in  nature,  but  like  all  the 
elements  which  can  be  detected  in  small  amounts,  it  has  been  found  to 
be  fairly  widely  distributed.  It  is  obtained  as  a by-product  from  the 
flue-dust  in  sulphuric  acid  works  in  which  pyrites  containing  thallium 
is  employed,  and  also,  in  association  with  zinc,  from  zinc  ores.  In  the 
latter  way  it  could  be  obtained  in  fairly  large  amounts  if  there  were 
any  demand  for  it. 


As  has  already  been  mentioned,  metallic  thallium  is  very  similar  to 
lead,  but  is  still  softer.  Its  density  is  11 '9,  its  melting  point  290°. 
:It  makes  a grey  mark  on  paper,  but  this  soon  disappears  owing  to 
oxidation.  Fresh  surfaces  of  the  metal,  which  have  an  almost  silver 
white  appearance,  quickly  tarnish  in  the  air  through  oxidation.  In 
the  potential  series,  it  stands  between  cadmium  and  iron,  and  is  there- 
:ore  a metal  which  readily  replaces  hydrogen  from  dilute  acids.  As  a 
matter  of  fact,  it  dissolves  in  dilute  acids  which  do  not  form  difficultly 

a soluble  salts,  e.g.  sulphuric  acid  and  nitric  acid,  and  is  precipitated  in 
she  metallic  state  from  its  solutions  by  zinc  and  cadmium, 
i Thallium  forms  two  kinds  of  elementary  ions,  monovalent  mono- 
I diallion,  T1‘,  and  trivalent  trithailion,  Tl"‘.  The  former  conditions 


G90 


PRINCIPLES  OF  INORGANIC  CHEMISTRY 


chap' 


the  similarity  of  thallium  to  the  alkali  metals,  the  latter  that  to 
aluminium. 

Thallous  salts  are  formed  with  evolution  of  hydrogen  by  dis- 
solving the  metal  in  dilute  acids.  Solution  in  nitric  acid,  which  takes 
place  with  reduction  of  the  latter  (very  dilute  acid  yields  hydrogen), 
also  leads  only  to  thallous  nitrate.  By  means  of  free  chlorine,  how- 
ever, thallous  compounds  can  be  converted  into  thallic  compounds. 

Monothallion  is  colourless  ; has,  like  lead,  a poisonous  action ; and 
can  be  recognised  by  the  formation  of  various  difficultly  soluble  salts, 
especially  the  yellow  iodide.  It  is  not  precipitated  by  alkali  hydr- 
oxides and  carbonates,  and  is  thereby  distinguished  from  the  ions  of 
all  other  heavy  metals. 

Thallous  Hydroxide,  TlOH,  is  obtained  by  the  decomposition  of 
thallous  sulphate  with  baryta,  as  a liquid  with  a strongly  alkaline 
reaction  which  is  dissociated  into  its  ions,  monothallion  and  hydrox- 
idion,  quite  as  extensively  as  the  alkali  hydroxides,  and  exhibits, 
therefore,  the  same  basic  properties.  It  turns  red  litmus  paper  blue, 
renders  turmeric  brown,  and  makes  the  skin  of  the  fingers  slippery  v 
when  moistened  with  it.  On  evaporating  the  solution,  the  yellowish 
coloured  hydroxide  crystallising  with  1H20  is  obtained;  in  contrast 
with  the  hydroxides  of  the  alkali  metals,  this  very  readily  loses  the 
elements  of  water  and  passes  into  thallous  oxide  or  T1.20,  w hich  is  !?j 
black-broAvn  in  colour.  The  dehydration  takes  place  even  at  the* 
temperature  of  the  boiling  water,  so  that  on  evaporating  a solution  of  a 
the  hydroxide  on  the  water-bath,  black-brown  lines  are  formed  at  the 
edges,  but  these  immediately  disappear  when  the  liquid  is  passed  over 
them. 

Thallous  Sulphate,  T1.2S04,  crystallises  anhydrous  in  the  rhombic 
forms  of  potassium  sulphate,  Avith  Avhich  it  is  isomorphous.  It  is  fairly  i 
soluble  in  Avatsr.  With  the  sulphates  of  the  trivalent  metals,  also,  it  ij 
forms  double  salts  Avhich  crystallise  in  regular  forms,  and  are  perfectly  « 
analogous  to  the  alums  of  the  alkali  metals.  It  can  also  form  the  a 
corresponding  monoclinic  double  salts  Avith  the  divalent  sulphates  o 

the  vitriol  series.  . % J 

Thallous  Nitrate,  T1N03,  also  crystallises  anhydrous;  it  iM 
soluble  in  about  ten  times  its  Aveight  of  Avater  at  room  temperature,  ^ 
and  melts  at  205°.  By  mixing  it  with  other  nitrates,  masses  can  be  < 
obtained  Avhich  melt  at  a comparatively  low  temperature ; these  bnai, 
application  as  heavy  liquids  (solid  thallous  nitrate  has  the  density  5 b).  • 
Thallium  Carbonate,  T12C03,  is  an  anhydrous  salt  Avhich  dis-i 
solves  in  tAventy  times  its  Aveight  of  Avater,  yielding  a liquic  Avit  an 
alkaline  reaction.  The  salt  dissolves  more  readily  in  water  containing 
excess  of  carbonic  acid,  but  the  acid  carbonate  is  not  knoAvn  aau 

certainty  in  the  solid  state.  _ . ,,  . „Qtpr 

The  phosphates  and  borates  of  monothallion  are  also  solu  bei  > 

so  that  in  this  respect  also  thallium  is  allied  to  the  alkali  metals. 
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Thallous  Sulphide,  T12S,  is  a brown-blaclc  precipitate  which  is 
formed  by  sulphuretted  hydrogen  in  neutral,  but  not  in  acid  solutions 
; of  thallous  salts.  The  solubility  and  therefore  also  the  conditions  of 
precipitation,  are  most  nearly  akin  to  those  of  zinc  sulphide,  although 
• thallous  sulphide  appears  to  bo  somewhat  more  soluble.  Accordingly, 
I the  precipitated  sulphide  redissolves  in  dilute  acids. 

Thallous  Chloride. — In  its  halogen  compounds,  thallium  is  most 
closely  allied  to  silver,  for  these  substances  are  white  or  yellow 
i difficultly  soluble  powders  which  are  sensitive  to  light;  their  solubility 
also  diminishes  with  increasing  combining  Aveight  of  the  halogen. 

Thallous  chloride,  T1C1,  is  obtained  as  a white  precipitate  Avhicli 
><j  sloAvly  darkens  in  the  light,  when  the  ions  of  the  salt  come  together 
in  solution.  About  three  hundred  times  its  weight  of  Avater  is 
required  to  dissolve  it. 

It  is  insoluble  in  ammonia,  but  dissolves  in  sodium  thiosulphate 
Avith  formation  of  a complex  compound.  It  exhibits  no  tendency  to 
: form  complex  compounds  Avith  soluble  chlorides ; the  salt  is  therefore 
precipitated  from  aqueous  solutions  on  the  addition  of  hydrochloric 
>i  acid  or  chlorides,  OAving  to  the  increase  of  chloridion.  It  is  converted 
into  soluble  thallic  chloride  by  treatment  Avith  chlorine  under  Avater. 

Thallous  Bromide  is  a yellow-white  precipitate,  the  solubility  of 
i Avhich  is  considerably  less  than  that  of  the  chloride,  to  Avhich,  hoAvever, 

, in  its  other  properties,  it  is  similar. 

Thallous  Iodide  is  deposited  as  a yelloAv  precipitate  even  from 
y very  dilute  solutions,  Avhen  its  ions  come  together.  It  requires  15,000 
parts  of  water  for  its  solution,  and,  for  known  reasons,  it  is  still  less 
•i- soluble  in  a solution  of  potassium  iodide.  This  salt  is  employed  for 
the  detection  and  separation  of  thallium.  In  dilute  acids  it  is  not 
jit  appreciably  more  soluble  than  in  pure  Avater,  as  it  is  the  salt  of  the 
-strong  hydriodic  acid  (p.  443). 

Thallous  Fluoride  is,  in  contrast  Avith  the  other  halogen  com- 
f pounds,  a readily  soluble  salt. 

The  trivalent  trithallion  is  of  a someAvhat  yelloAvish  colour,  and  is 
formed  from  monothallion  only  by  fairly  strong  oxidising  agents,  such 
*5  . as  chlorine  or  permanganate.  Conversely,  it  very  readily  passes  again 
•into  monothallion. 

Thallic  Hydroxide  is  obtained  as  a broAvn  precipitate  similar  in 
•qappearance  to  ferric  oxide,  on  adding  soluble  bases  to  a thallic  salt. 

On  being  dried  it  assumes  the  composition  TIO(OH) ; the  freshly 
■precipitated  substance  is  probably  Tl(OH)3.  On  being  heated,  the 
hydroxide  loses  Avater  and  readily  also  oxygen,  so  that  it  passes  into 
ithallous  oxide.  Thallic  oxide,  T1203,  is  also  obtained  Avhen  solutions 
; of  thallous  salts  are  subjected  to  electrolysis ; it  separates  out  at  the 
anode  as  a black  coating,  but  it  is  difficult  to  obtain  it  of  a definite 
•composition. 

Thallic  hydroxide  is  a very  Aveak  base;  its  salts  are  greatly 
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hydrolysed  in  aqueous  solution,  and  when  the  dilution  is  fairly 
great  almost  all  the  hydroxide  is  precipitated  from  it,  the  acid 
remaining  in  solution.  The  most  stable  is  the  chloride,  which  can 
be  obtained  from  the  sub-chloride  by  means  of  chlorine.  The  bromide 
is  less  stable,  and  on  attempting  to  prepare  the  iodide  a mixture  of 
tliallous  iodide  and  free  iodine  is  obtained. 

Thallic  Sulphate,  T12(S04)3,  can  form  alums  with  the  alkali  : 
sulphates.  The  double  salt  from  tliallous  sulphate  and  thallic  sul- 
phate, which  should  also  yield  an  alum,  has,  however,  another  form  ' 
and  a different  amount  of  water  of  crystallisation  ; its  composition  is  • 
T1 . T1(S04)o  . 6H20,  in  which  the  one  T1  is  monovalent  and  the  other  i 
trivalent. 

The  combining  weight  of  thallium  is  T1  = 204T. 


CHAPTER  XXXVII 


BISMUTH 


S General. — For  the  purposes  of  analysis,  bismuth  is  classed  along  with 
the  metals  of  the  copper  group,  because  it  forms  a sulphide  which  is 
||  insoluble  in  dilute  acids  as  well  as  in  alkali  sulphides.  According  to 
I its  chemical  affinity,  however,  it  is  so  closely  connected  with  antimony 
bi  and  arsenic,  which  belong  to  the  last  group,  that  it  must  be  treated 
I along  with  these,  and  is  therefore  suitably  placed  at  the  point  of 
I transition  from  the  one  group  to  the  other.  Of  these  elements  it 
| has  the  highest  combining  weight ; for  this  reason,  in  accordance 
if  with  the  general  rule,  the  basic  properties  are  more  strongly  marked 
[;  in  it  than  in  the  case  of  its  congeners.  As  the  combining  weight 
3 decreases,  the  latter  rapidly  lose  their  metallic  character  and  the 
ff  power  of  forming  basic  oxides,  and  finally  lead  to  the  non-metallic 
I elements  phosphorus  and  nitrogen,  in  which  the  acid  forming  properties 
1 1 are  completely  developed. 

Metallic  bismuth  is  a white,  somewhat  reddish  metal  of  a well- 
u marked  crystalline  character;  it  is  brittle,  is  not  ductile,  and  falls 
i to  a powder  when  struck  with  a hammer.  It  melts  as  low  as  270°, 
I and  at  a bright  white  heat  passes  into  a vapour,  the  density  of  which 
I leads  to  the  molar  weight  209,  which  coincides  with  the  combining 
| weight.  It  remains  unchanged  in  the  air,  and  is  also  very  resistant 
* to  water.  It  is  not  attacked  by  dilute  acids ; its  position  in  the 
potential  series  is  between  copper  and  silver,  and  it  therefore  inclines 
91  towards  the  noble  metals.  It  therefore  occurs  in  nature  in  many  cases 
| even  in  the  uncombined  state;  it  also  occurs  combined  with  sulphur 
f as  bismuth  glance.  Bismuth  is  readily  dissolved  by  nitric  acid  with 
in  formation  of  bismuth  nitrate  and  nitrous  oxide. 

Bismuth  readily  forms  alloys  with  other  metals  whereby,  in 
accordance  with  the  general  law,  the  melting  point  sinks.  By 
I the  addition  of  lead,  tin,  and  cadmium,  alloys  are  obtained 
| which  liquefy  even  under  100°  ; they  fuse  therefore  in  boiling 
iw  water. 

The  combining  weight  of  bismuth  has  been  determined  by  weighing 
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the  metal  and  the  oxide  obtained  from  it.  It  is  not  known  with 
perfect  certainty,  and  we  shall  take  it  as  Bi  — 208'5.  j 

Bismuthion. — Bismuth  forms  one  kind  of  elementary  ion,  viz. 
the  trivalent  bismuthion,  Bi”\  This  is  almost  the  only  ion  derived  : 
from  bismuth,  for  the  tendency  of  this  metal  to  form  complexes  is 
extremely  slight,  and  with  the  exception  of  some  organic  ions  con- 
taining bismuth,  others  are  scarcely  known. 

Bismuthion  is  colourless  and  forms  an  extremely  weak  base  with 
hydroxyl.  As  a consequence,  the  phenomenon  of  hydrolysis  is  so 
marked  in  the  case  of  the  bismuth  salts  that  it  can  be  regarded  as 
a characteristic  in  analysis.  Since  the  basic  compounds  which  are 
hereby  formed  are  difficultly  soluble  in  water,  the  bismuth  salts  are  • 
precipitated  by  mere  dilution  with  water;  the  precipitate  is  again  * 
dissolved  on  the  addition  of  acids. 

The  best  known  bismuth  salt  is  the  nitrate , which  is  obtained  in 
hydrated  crystals,  Bi(N03)3 . 5H,0,  by  crystallisation  from  the  solution  « 
of  bismuth  in  nitric  acid.  On  pouring  water  over  these  crystals,  y j ‘ 
a snow-white,  crystalline  powder  of  a basic  nitrate,  Bi(0H)2N03,  is 
deposited,  which  is  applied  in  medicine  under  the  name  of  bismuth 
subnitrate.  The  nitric  acid  which  is  split  oft  passes  into  the  solution 
and  enables  another  portion  of  the  bismuth  salt  to  remain  dissolved. 
There  exists,  therefore,  in  the  solution  in  respect  of  the  precipitate 
of  the  basic  salt,  an  equilibrium  which  is  characterised  by  the  fact  that 
the  concentration  of  the  hydroxyl  from  the  water  is  rendered  sufficiently  B 
small  by  means  of  the  hydrion  of  the  free  acid  to  allow  the  solubility 
product  of  the  basic  salt  to  be  reached.  _ S 

From  solutions,  bismuth  hydroxide,  Bi(OH)3,  is  precipitated  by 
excess  of  soluble  bases.  It  is  a white  precipitate  which  is  soluble 
neither  in  ammonia  nor  in  caustic  potash.  The  former  behaviour  is 
due  to  the  extremely  slight  development  of  its  basic  properties  , fhe  ^ 
latter  shows  that  it  cannot,  as  many  other  weak  bases  do,  split  off 


hydrion  and  yield  an  anion  containing  oxygen.  _ j 

On  being  heated,  the  hydroxide  loses  water  and  is  converted  into 
bismuth  oxide,  Bi203,  a yellow  powder  which,  at  a higher  temperature,  , 
becomes  reddish  brown,  melts,  and  becomes  crystalline  on  cooling. 

Bismuth  sulphate,  Bi,(S04)3,  is  obtained  in  the  impure  state  by  1 
heating  bismuth  with  concentrated  sulphuric  acid;  treatment  with  watM 
converts  it  into  the  difficultly  soluble  basic  sulphate  Bi2(OH)4(8Uj).  | 
With  potassium  sulphate  it  forms  a well  characterised  double  salt,  L 


When  sodium  thiosulphate  is  added  to  bismuth  salts,  a clear  liquid 
is  formed  from  which,  oiving  to  decomposition,  bismuth  sulphide  is 
sloAvly  deposited.  The  solution  probably  contains  the  sodium  salt  oi 
a bismuth  thiosulphuric  acid,  for  on  the  addition  of  P°^nu™  sa 
and  alcohol  a difficultly  soluble  precipitate  of  k:iBi(b,03)3  + tl,U  isi 
deposited,  which  can  be  regarded  as  the  potassium  salt  of  the  above] 
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acid.  More  exact  investigations  are  still  wanting  as  to  whether  (as  is 
probably  the  case)  a complex  ion  containing  bismuth  is  here  present. 
It  has  been  proposed  to  employ  the  precipitate,  which  is  of  a yellow 
colour,  for  the  detection  and  separation  of  potassium. 

Bismuth  Chloride,  BiCl8,  is  very  readily  formed  from  bismuth 
and  free  chlorine,  the  combination  taking  place  with  considerable 
evolution  of  heat.  It  is  a white,  soft,  but  crystalline  substance  which 
becomes  very  dark  in  colour  through  excess  of  bismuth  ; this  points  to 
the  formation  of  a lower  chlorine  compound,  perhaps  BiCl,  although 
no  such  substance  has  been  prepared  in  the  pure  state.  With  water, 
the  chloride  at  once  deposits  a snow-white  precipitate  of  basic  chloride, 
or  rather,  the  anhydride  of  this,  bismuth  oxychloride,  BiOCl.  This 
substance  has  a certain  similarity  to  the  monovalent  chlorides  of  silver 


and  mercury,  not  only  as  regards  its  external  appearance  and  its 
difficult  solubility,  but  also  in  its  property  of  becoming  grey  in  light. 
Prominence  can  be  given  graphically  to  this  similarity  by  assuming  in 
this  and  in  the  similar  compounds  of  bismuth,  the  monovalent  ion 
BiO',  which  has  been  called  bismuthyl.  This  is,  however,  so  far,  only 
a formal  assumption,  since  there  is  as  yet  no  proof  of  the  existence  of 
such  an  ion  in  the  solution. 

Bismuth  oxychloride,  BiOCl,  is  so  difficultly  soluble  in  water  that 
it  can  be  employed  for  the  precipitation  of  bismuth.  For  that  purpose 
it  is  only  necessary  to  introduce  chloridion  in  some  form  into  the 
solution  and  then  to  dilute  this.  The  dilution  must  be  so  much  the 
greater  the  more  highly  acid  the  liquid  was  at  the  commencement ; 
it  is  advisable,  therefore,  when  employing  this  method,  to  remove  the 
excess  of  acid  by  means  of  a base. 

The  bromide  of  bismuth  is  very  similar  to  the  chloride,  and  forms 
also  a very  difficultly  soluble  oxybromide  of  a Avhite  colour. 

Bismuth  iodide  is  obtained  from  the  elements  or  by  the  precipita- 
tion of  bismuth  salts  with  a large  excess  of  potassium  iodide,  and  is  a 
black-red  crystalline  substance  which  is  decomposed  by  water  much 
more  slowly  than  the  other  halogen  compounds.  With  much  water, 
bismuth  oxyiodide  is  formed  as  a fine  red  powder. 

Bismuth  iodide  dissolves  in  hydriodic  acid  and  forms  hydriodo- 
bismuthic  acid,  HBiI4 . 4H00.  With  the  iodides  of  the  alkali  metals, 
the  salts  of  this  acid  are  obtained ; of  these  the  potassium  salt,  KBiI4, 
is  known  in  the  form  of  ruby-red  laminae.  The  complex  anion  of 
hydriodobismuthic  acid,  Bil/,  is,  however,  only  slightly  stable,  and 
with  much  water  decomposes  into  bismuth  oxyiodide  and  free  hydriodic 
acid. 

Bismuth  Sulphide,  Bi2S8,  is  obtained  as  a black-brown  precipi- 
tate on  passing  sulphuretted  hydrogen  into  bismuth  solutions.  It  is 
obtained  crystalline  by  fusing  metallic  bismuth  with  sulphur ; the 
bismuth  sulphide  which  is  formed  dissolves  in  the  metal  and,  on 
cooling,  separates  out  in  clusters.  It  occurs  in  nature  as  bismuth 
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glance,  and  is  used  for  the  preparation  of  bismuth,  which  is  obtained 
from  the  glance  by  roasting  and  reduction  of  the  oxide  formed  with 
charcoal. 

Bismuth  sulphide  is  insoluble  in  dilute  acids,  but  dissolves  with 
evolution  of  sulphuretted  hydrogen  on  being  heated  with  concentrated 
hydrochloric  acid.  It  is  not  appreciably  soluble  in  alkali  sulphides,  a 
behaviour  Avhich  is  opposed  to  that  of  the  sulphur  compounds  of  its  ' I 
nearest  congeners,  antimony  and  arsenic.  By  fusing  together  bismuth 
sulphide  and  alkali  sulphides,  however,  fine  crystalline  compounds, 
KBiS2  and  NaBiS2,  having  a metallic  lustre,  can  be  obtained ; these, 
however,  rapidly  oxidise  in  the  air. 

Other  Compounds. — It  was  mentioned  above  that  a lower  chloride 
of  bismuth  probably  exists,  although  it  is  not  known  as  a pure  substance. 
The  existence  of  a corresponding  oxygen  compound  Bi20.2,  has  also 
been  asserted.  It  is  obtained  as  a dark  brown  powder  by  the  careful 
treatment  of  bismuth  hydroxide  with  reducing  substances. 

A higher  oxide  of  bismuth,  bismuth  pentoxide,  Bi205,  is  obtained 
by  treating  the  hydroxide  with  strong  oxidising  agents.  Further,  a 
mixture  of  bismuth  oxide  and  caustic  potash  or  soda  when  fused  in 
the  air  is  oxidised  to  a brown  mass  which,  on  being  treated  with 
water,  deposits  bismuth  pentoxide  contaminated  with  alkali.  In  the 
brown  melt  there  possibly  exists  the  alkali  salt  of  a bismuthic  acid; 
in  aqueous  solution,  however,  such  salts  cannot  be  obtained,  as  they 
are  immediately  hydrolysed.  Bismuth  pentoxide  is  obtained  as  a 
heavy,  brown  powder  or  as  a hydrate  of  a red  colour ; it  is  insoluble 
in  acids  and  bases,  and  is  converted  by  hydrochloric  acid  into  the 
trichloride,  with  evolution  of  chlorine. 
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I General. — With  antimony  we  commence  the  consideration  of  the 
metals  of  the  tin  group,  in  which  a number  of  elements  are  classed 
: together  belonging  to  different  natural  families  and  forming  corre- 
• sponding  sub-groups.  Their  common  characteristic  is  the  predominat- 
ing tendency  to  form  acid  compounds  in  place  of  the  basic  ones  yielded 
by  the  other  metals.  Their  oxides,  especially  those  comparatively 
rich  in  oxygen,  behave  as  the  anhydrides  of  acids,  and  their  sulphur 
compounds  dissolve  in  the  solutions  of  the  alkali  sulphides  with 
formation  of  thio-salts  {vide  infra).  The  last  characteristic  which  is 
of  importance  in  analytical  chemistry  has  given  rise  to  the  formation 
of  the  whole  group,  and  the  relations  which  are  here  met  with  will  be 
presently  discussed  in  greater  detail. 

On  account  of  the  manifold  and  widely  extending  affinity  relations 
■existing  between  the  elements,  we  shall  repeatedly  find  resemblances 
to  other  groups,  and  it  would  be  possible  to  class  several  of  the 
elements  considered  here  along  with  others  previously  discussed.  By 
reason,  however,  of  the  variety  of  the  relationships,  a system  of  the 
•'  elements,  sufficient  in  all  respects,  cannot  be  framed,  and  the  arrange- 
niment  which  has  here  been  retained  has  therefore  been  determined 
£>i  chiefly  by  didactic  considerations. 

Antimony. — Antimony  is  allied  on  the  one  hand  to  bismuth, 

(and  on  the  other,  to  arsenic  and  phosphorus.  It  therefore  forms  a 
transition  element  between  the  metals  and  the  non-metals,  but  is  still 
essentially  on  the  side  of  the  metals. 

Antimony  is  a grey-white,  lustrous  metal,  having  the  density  6-7; 
firfrom  the  fused  mass  it  solidifies  in  a distinctly  crystalline  form,  and  is 
fi  at  all  temperatures  so  brittle  that  it  can  be  easily  ground  or  pounded 
& t0  a powder.  It  melts  at  440°,  and  volatilises  at  a high  temperature. 

The  vapour  exhibits  a vai-iable  molar  weight  in  the  neighbourhood  of 
0290.  This  number  corresponds  to  no  simple  formula,  but  lies  between 
■Vbq  and  Sb3 ; probably,  therefore,  we  are  dealing  with  a mixture  of 
' lifterent  kinds  of  vapour,  perhaps  Sb,  and  Sb. 
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In  the  potential  series,  antimony  stands  beside  bismuth ; it  does 
not,  therefore,  decompose  dilute  acids,  and  it  also  remains  unchanged 
in  the  air.  On  being  heated  it  readily  oxidises ; a piece  of  antimony 
fused  on  charcoal  before  the  blowpipe,  continues  to  glow  even  after 
the  flame  has  been  removed,  the  antimony  burning  to  antimony  oxide. 
If  a small  globe  of  strongly  heated  antimony  is  thrown  on  a piece 
of  paper  with  upturned  edges,  it  skips  about  on  this,  burning  all' 
the  while,  and  leaves  very  regularly  marked,  hyperbolic  trails 
(Fig.  119). 

Besides  the  ordinary  antimony,  another  form  of  less  stability  is 


Fig.  119. 


known,  which  is  obtained  as  a silver-white  metal,  of  density  5 78,  byj 
slowly  decomposing  a concentrated  solution  of  antimony  chloiide  inil 
hydrochloric  acid  with  the  electric  current.  _ The  metal  which  is 
deposited  falls  to  a powder  with  slight  explosion  on  being  scratched'- 
by  a sharp  body,  ordinary  grey  antimony  being  formed  with  con-, 
siderable  evolution  of  heat.  This  allotropic  metal  is  not  pme  u ^ 
contains  antimony  chloride,  the  amount  of  which  varies  wit  t ej 
conditions  of  the  experiment. 

Ions  of  Antimony. — Antimony  can  form  compounds  ot  tne 
tri valent  and  of  the  pentavalent  type;  only  the  former  of  these 
however,  yields  a basic  hydroxide,  while  the  hydroxide  of  the  la 
type  is  an  oxyacid.  They  each  show  the  basic  and  acid  character. 
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, respectively  only  in  a slight  degree,  and  the  number  of  well  characterised 
salts  of  antimony  is  therefore  not  large. 

The  compounds  of  the  trivalent  type  are  the  better  known  and  the 
more  stable ; they  are  the  only  ones  occurring  in  nature.  The 
, compounds  of  the  pentavalent  type  are  produced  from  the  former  by 
the  action  of  strong  oxidising  agents,  and  can  be  readily  reduced 
j.  again. 

The  existence  of  a trivalent  antimonion  is  probable,  since  there  are 
, solutions  of  antimony  salts  which  behave  in  general  like  salts.  These 
i salts,  derived  from  the  base  antimony  hydroxide,  Sb(01I)3,  are,  how- 
ever, greatly  hydrolysed  in  water,  and  clear  solutions  can  be  obtained 
i only  with  a large  excess  of  acid.  Consequently,  the  properties  of  the 
trivalent  aritimonion  are  not  known  with  great  exactness,  and  it  can 
only  be  said  with  regard  to  it,  that  it  is  colourless  and  has  a very 
< poisonous  action  on  the  organism  of  the  higher  animals.  In  small 
quantities  it  acts  as  an  emetic. 

Antimony  Hydroxide,  Sb(OH)3,  is  obtained  as  a white  precipitate 
by  the  hydrolysis  of  the  salts  of  antimony ; it  readily  loses  water  and 
is  converted  into  the  anhydride,  antimony  oxide  Sb2Os.  It  can  be 
converted  into  salts  by  treatment  with  concentrated  acids  ; these  again 
undergo  decomposition  on  dilution  with  water.  It  dissolves  in  caustic 
| alkalis ; it  has  therefore  the  power  of  splitting  off  hydrion  and  of 
acting  as  an  acid,  in  a similar  manner  to  alumina.  The  corresponding 
■ salts  are  reducing  agents,  and,  for  example,  precipitate  silver  in  the 
metallic  state  from  its  salts. 

Antimony  oxide,  Sb203,  crystallises  readily  and  proves  to  be 
dimorphous,  crystallising  either  in  regular  or  in  rhombic  form.  The 
first  form  has  the  density  5 '3,  the  second,  5-6.  It  has  not  yet  been 
• established  which  of  the  two  forms  is  the  more  stable ; it  appears, 
however,  to  be  the  rhombic,  since  this  occurs  much  more  abundantly  in 
nature.  They  are  both,  at  all  events,  more  stable  than  the  hydroxide, 
since  the  latter,  even  under  water,  passes  into  the  crystalline  oxide. 

Antimonious  Chloride,  or  antimony  trichloride,  SbCl3,  is  obtained 
from  metallic  antimony  and  chlorine  by  using  excess  of  the  former ; it 
•is  obtained  more  cheaply  by  heating  antimony  sulphide  with  con- 
centrated hydrochloric  acid,  whereby  sulphuretted  hydrogen  escapes. 
The  aqueous  solution  is  evaporated  and  distilled,  whereupon  anhydrous 
antimony  trichloride  passes  over.  The  remarkable  fact  that  the 
chloride  does  not  hereby  decompose  into  hydrochloric  acid  and 
antimony  oxide,  as  e.g.  aluminium  chloride  does,  although  alumina  is  a 
stronger  base,  is  probably  due  to  the  fact  that  in  concentrated  solution 
antimony  trichloride  is  very  slightly  dissociated  into  its  ions,  and 
itherefore  undergoes  hydrolysis  in  a correspondingly  slight  degree. 

Antimony  trichloride  is  obtained  as  a white,  crystalline,  semi-solid 
mass  (butter  of  antimony),  which  melts  readily  and  boils  at  220°. 
It  is  decomposed  by  water,  difficultly  soluble  oxychlorides  being 
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deposited ; the  composition  of  these  depends  on  the  amount  of  water,  j 
the  amount  of  chlorine  which  they  contain  being  all  the  less  the  larger  ] 
the  quantity  of  water. 

Of  these,  the  compound  Sb405Cl2,  being  a crystalline  substance,  is  J 
best  characterised,  but  even  it  decomposes  into  antimony  oxide  and 
hydrochloric  acid  on  being  treated  with  more  water. 

Antimony  trichloride  combines  with  hydrochloric  acid  to  form  a', 
complex  hydrochloroantimonic  acid,  the  salts  of  which  are  obtained  by  - 
allowing  soluble  chlorides  and  antimony  trichloride  to  crystallised 
together.  The  composition  of  these  salts  corresponds  to  various  types,  q- 
and  it  has  not  yet  been  established  whether  we  are  dealing  with  vari- 
ous complex  acids  or,  partly,  with  double  salts.  The  most  frequent  r, 
type  is  M3SbClG,  containing  probably  the  trivalent  anion  SbClG'". 

Antimony  Tribromide,  SbBr3,  is  formed  with  great  rise  of : 
temperature  on  bringing  the  elements  together.  In  its  properties  it  ise 
very  similar  to  the  trichloride  and,  like  it,  decomposes  with  water  into  < 
basic  bromide  and  free  hydrobromic  acid.  The  boiling  point  is  270°,  ,i 
the  melting  point,  95°. 

Antimony  Tri-iodide,  Sbl3,  is  obtained  from  the  elements  by - 
warming,  and  crystallises  in  three  different  forms  whose  relative1 
degrees  of  stability  have  not  yet  been  determined.  According  to  the.-, 
form,  the  colour  of  the  crystals  is  dark  red  or  green-yellowy  the 
melting  point  of  the  form,  stable  at  higher  temperatures,  is  16/  , the  - 
boiling  point,  400°  ] the  vapour  of  the  tri-iodide  is  of  a fine  scarlet M 
colour.  With  water,  it  decomposes  in  the  same  manner  as  the  other 
halogen  compounds  ; the  solution  containing  antimony,  which  isi: 
thereby  produced,  is  coloured  yellow,  from  which  the  presence  ofa 
undissociated  iodide  in  the  aqueous  solution  can  be  concluded.  Then 
precipitate  of  oxyiodide  is  red  to  yellow  in  colour,  and  the  colour  is  so* 
much  the  brighter  the  smaller  the  amount  of  iodine. 

Antimony  tri-iodide  unites  with  the  soluble  iodides  to  form 
complex  salts,  which  belong  chiefly  to  the  type  MSbI4,  with  the  aniona 


Sbl4'. 


Antimony  Trifluoride,  SbF3,  is  a white  mass  similar  to  then 
trichloride,  which  can  be  dissolved  in  water  without  the  separation  of 
precipitates.  This  is  probably  due  to  very  slight  electrolytic  dnM 
sociation  of  the  fluoride.  Complex  salts  are  known  with  the  alkali  J 
fluorides. 

Antimony  Trisulphide. — The  compound  Sb2S3  occurs  m nature, 
as  the  most  widespread  ore  of  antimony,  and  is  called  antimony  g ’ ancet 
(or  stibnite).  It  is  a grey  substance  crystallising  m long  needles  o ^ 
a metallic  lustre ; it  readily  melts,  and  on  being  heated  in  the  air,  - 
passes  into  antimony  oxide,  the  sulphur  being  burned.  . 

From  solutions  of  trivalent  antimony,  the  trisulphic  e i*  Pre 
cipitated  by  sulphuretted  hydrogen  as  a yellow-red,  non-crysta  m 
substance  which,  on  being  gently  heated,  passes  into  grey,  crystainp 
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j antimony  sulphide.  Conversely,  when  fused  stibnite  is  quickly  cooled, 
L au  amorphous  mass  is  obtained  which  is  translucent,  and  of  a dark 
j,  red  colour,  and  becomes  jmllow-red  on  being  powdered.  The  relation 
ii:.  which  here  exists  is  therefore  similar  to  that  between  amorphous  and 
:V  crystalline  sulphur,  the  amorphous  form  being  the  less  stable  : the 
velocity  of  transformation,  however,  at  the  ordinary  temperature  is  so 
w-  small  that  it  cannot  be  observed. 

Antimony  sulphide  is  not  appreciably  soluble  in  dilute  acids  ; it 
dissolves  in  strong  hydrochloric  acid  with  evolution  of  sulphuretted 
j hydrogen.  For  this  reason,  antimony  is  precipitated  by  sulphuretted 
; • hydrogen  from  acid  solution,  provided  that  the  solution  is  dilute  with 
[a  respect-  to  the  acid.  When  antimony  sulphide  has  been  brought  into 
solution  with  concentrated  hydrochloric  acid,  and  if  the  liquid  which 
n contains  sulphuretted  hydrogen  is  diluted,  a precipitate  of  yellow-red 
;,l,i  antimony  sulphide  is  obtained.  The  remarkable  phenomenon  that  a 
i precipitate  (not  due  to  hydrolysis)  is  produced  by  dilution  with  wateiy 

!is  explained  by  the  fact  that  the  antimony  trichloride  present  in  con- 
>n  centrated  solution  contains  the  antimony  almost  entirely  in  the  form 
of  an  undissociated  compound  (p.  699);  the  antimonion  necessary 
•)  for  the  reaction  with  the  sulphuretted  hydrogen  is  formed  only  on 
dilution. 

Antimony  sulphide  readily  dissolves  in  the  alkali  sulphides, 
if  especially  the  polysulphides.  A compound  of  the  pentavalent  series 
is  thereby  formed,  when  excess  of  sulphur  is  present,  and  the  reaction 
will  be  discussed  later  in  greater  detail. 

Antimony  sulphide  also  dissolves  in  concentrated  and  hot  solutions 
■ of  the  alkali  hydroxides  and  carbonates ; on  cooling  and  diluting,  it  is 
I again  precipitated  as  a brown  powder.  This  precipitate  was  formerly 
applied  in  medicine  under  the  name  kermes ; since,  however,  it  is  a 
variable  mixture  of  amorphous  antimony  sulphide  and  antimony 
oxide,  its  medicinal  action  varies  according  to  the  method  of  its 

8 preparation.  The  reaction  which  here  occurs  has  not  yet  been 
sufficiently  explained  ; we  are  dealing  essentially  with  the  formation 
of  ae  alkali  salts  of  antimony  oxide  (p.  699),  and  of  the  corresponding 
compounds  of  antimony  sulphide,  which  are  stable  in  hot,  concentrated 
® solution,  whereas  on  cooling  and  on  dilution,  the  equilibrium  is  again 
i shifted  in  the  opposite  sense,  i.e.  antimony  sulphide  is  again  formed. 
Use  is  made  of  the  precipitation  of  the  antimony  compounds  by 
■sulphuretted  hydrogen  for  the  detection  and  determination  of  antimony. 

'Since  the  amorphous  precipitate,  even  after  being  dried  at  100°,  still 
n contains  appreciable  quantities  of  water,  it  is,  in  quantitative  deter- 
. minations,  converted  by  careful  heating  iii  an  atmosphere  free  from 
/oxygen  (in  a current  of  carbon  dioxide),  into  the  grey,  crystalline 
cform  which  is  of 'constant  composition. 

The  naturally  occurring  antimony  glance  is  employed  for  the 
•-  preparation  of  metallic  antimony.  The  red,  amorphous  form  is  used 
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as  a dye  under  the  name  antimony  vermilion ; red,  vulcanised  india- 
rubber  is  coloured  with  antimony  sulphide. 

Complex  Antimony  Compounds.— Trivalent  antimony  has,  in  J 
a very  marked  degree,  the  property,  already  mentioned  in  the  case  of  | 
other  hydroxides,  of  forming  complex  compounds  with  organic  i| 
substances  containing  several  hydroxyl  groups.  The  most  important  i! 
of  these  is  the  compound  with  tartaric  acid,  which  yields  an  antimonyl' 
tartaric  acid  ; in  contrast  with  the  ordinary  antimony  compounds  this  - 
compound  is  not  dissociated  hydrolytically  by  water,  so  that  it  can  be  i 
dissolved,  and  the  solution  diluted  without  the  separation  of  basic  ■; 
substances.  The  exact  discussion  of  these  compounds  must  be 
reserved  for  organic  chemistry ; they  have  been  mentioned  here 
because  tartaric  acid  is  employed  in  analytical  chemistry  for  the  - 
purpose  of  preparing  clear,  dilute  solutions  of  antimony  salts.  For 
this  purpose,  the  addition  of  a solution  of  tartaric  acid  to  the  liquid  iss 
sufficient.  The  formation  of  the  complex  compound  takes  place  so  > 
quickly  that  the  desired  result  is  attained  in  a few  moments.  From  q 
such  solutions,  antimony  sulphide  is  precipitated  by  sulphuretted'! 
hydrogen,  showing  that  the  complex  is  sufficiently  dissociated  into  its  - 
components  for  the  solubility  product  of  antimony  trisulphide  to  be* 
exceeded. 

Antimony  Pentachloride. — By  means  of  oxidising  agents  it  is: 
possible  to  pass  from  compounds  of  trivalent  to  those  of  pentavalent: 
antimony.  If  chlorine  is  passed  over  antimony  trichloride,  a heavy 
liquid  which  fumes  in  the  air  is  produced ; this  is  also  obtained  from  u 
antimony  and  chlorine  by  using  excess  of  the  latter.  At  140J  it  com- 
mences to  boil,  and  the  determination  of  the  vapour  density  shows 
that  it  exists  in  the  vaporous  condition  for  the  greater  part  undecom- 
posed. Chlorine  is,  however,  very  readily  split  off,  and  even  when  i 
the  boiling  is  continued,  so  much  of  it  escapes  that  there  remains  a 
considerable  residue  of  trichloride.  On  the  whole,  therefore,  Hie  com- 
pound behaves  similarly  to  phosphorus  pentachloride  (p.  357),  but  is:- 
somewhat  more  stable. 

Antimony  pentachloride  unites  with  water  and  forms  laiious.- 
hydrates  which,  however,  are  formed  only  when  a small  quantity  of 
water  is  used,  clear  solutions  being  then  produced ; when  dissolved  in 
much  water,  it  undergoes  complete  hydrolysis  and  difficultly  soluble 
antimonic  acid  is  deposited.  It  combines  with  hydrochloric  acid  to 
form  a fairly  stable,  crystalline  substance,  which  dissolves  without 
decomposition  in  a small  quantity  of  water,  and  has  the  composition 

H,SbCl10. 10H2O.  , 1 

An  antimony  pentabromide  is  not  known;  the  existence  of  tne; 

pentaiodide  is  also  doubtful.  _ . . . 

Antimonic  Acid. — Antimonic  acid,  Sb(OH)5,  or  its  anhydrides,  is 
obtained  by  the  decomposition  of  antimony  pentachloride  with  much 
water.  On  account  of  the  relation  of  antimony  to  phosphorus,  one 
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would  expect  the  existence  of  an  orthoantimonic  acid,  H.sSl>0  a 
pyroantimonic  acid,  H4Sb207,  and  a metantimonic  acid,  HSbO.{ ; in 
i the  present  case,  however,  the  differences  are  not  nearly  so  clear  and 
definite  as  in  the  case  of  the  phosphoric  acids. 

The  precipitate  obtained  from  antimony  pentachloride  has,  after 
being  dried  in  the  air,  approximately  the  composition  of  ortho- 
antimonic  acid,  and  is  a white  powder  which  is  very  slightly  soluble 
in  water  but  readily  dissolves  in  caustic  potash ; it  yields  with  caustic 
soda  an  almost  insoluble  salt,  which  is  formed  on  treating  the  acid 
with  a solution  of  caustic  soda.  The  composition  of  this  salt,  which 
is  also  fairly  quickly  formed  from  the  other  forms  of  antimonic  acid,1 
is  Na2H2Sb207 , it  is  theiefore  an  acid  salt  of  pyroantimonic  acid.  On 
. account  of  its  difficult  solubility  it  can  be  employed  as  a reagent  for 
the  detection  of  sodium  compounds. 

The  reagent  used  for  this  purpose  is  obtained  from  the  potassium 
salt  of  metantimonic  acid,  IvSb03,  which  is  formed  by  heating 
antimony  with  saltpetre ; the  oxygen  of  the  saltpetre  serves  to  convert 
the  antimony  into  antimonic  acid.  On  being  treated  with  a small 
quantity  of  water,  this  salt  is  converted  into  the  acid  pyroantimonate 
which  serves  as  the  reagent  2KSb03  + Ho0  = K9H9Sb9OL. 

The  various  antimonic  acids  lose  water  even  on  very  gentle 
warming,  and  are  converted  into  antimony  pentoxide,  Sb905,  a yellow 
powder  which  becomes  darker  on  being  heated.  On  “being'' more 
strongly  heated  it  loses  oxygen,  and  a compound  of  the  composition 
Sb09  or  Sb904  remains.  The  same  substance  is  obtained  by  the 
oxidation  of  antimony  with  nitric  acid,  and  forms  a white  residue 
insoluble  in  the  acid.  It  was  formerly  called  antimonious  acid,  but  it 
is  rather  to  be  regarded  as  antimonyl  antimonate,  if  it  can  be  regarded 
as  a definite  compound  at  all ; its  composition  varies  somewhat  with 
the  temperature. 

Antimony  Pentasulphide  and  the  Thioantimonates. — As  was 

mentioned  on  p.  706,  antimony  sulphide  readily  dissolves  in  the 
•soluble  polysulphides  of  the  alkalis  and  of  ammonia,  and  from  the 
solutions  well  crystallised  salts  can  be  obtained  in  which  a compound 
of  antimony  and  sulphur  forms  the  anion.  The  best  known  of  these 
salts  is  the  sodium  compound  Na3SbS4,  which  is  obtained  in  the  form 
of  pale  yellow  tetrahedra  with  9H90  of  crystallisation,  by  boiling 
together  sodium  sulphide  (or  caustic  soda),  sulphur,  and  antimony 
sulphide,  and  allowing  the  filtered  solution  to  cool.  It  is  called 
Schlippe’s  salt,  after  its  discoverer. 

As  is  shown  by  the  formula,  it  is  the  sodium  salt  of  the  tliio- 
antimonanion  SbS/",  which  corresponds  to  the  ion  of  orthoantimonic 
acid,  but  contains  sulphur  in  place  of  oxygen.  We  have  already 

1 Owing  to  an  unfortunate,  older  nomenclature,  the  characteristic  sodium  salt  had  been 
-!  iormerly  called  sodium  metantimonate,  and  this  name  is  sometimes  found  even  in  the 
present-day  literature.  Its  use  ought  to  be  discontinued  as  soon  as  possible. 
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(p.  412)  met  with  such  a compound  in  the  case  of  thiocarbonic  acid, 
and  the  relationships  which  are  found  were  explained  there. 

In  the  case  of  the  metals  grouped  together  in  the  present  class,  { 
the  formations  of  such  thio-ions  is  a general  phenomenon,  and  the  j 
solubility  of  their  sulphides  in  alkali  sulphides  is  due  to  the  formation  | 
of  soluble  alkali  salts  of  such  thio-ions. 

As  in  the  case  of  the  oxyacids,  the  higher  compounds,  i.e.  those- 
richer  in  sulphur,  have  the  more  strongly  acid  character.  For  this  ■ 
reason,  antimony  trisulphide  is  only  very  slightly  soluble  in  the  dilute- 
solutions  of  the  alkali  monosulphides,  but  is  readily  soluble  in  the: j 
yellow  solutions  which  contain  polysulphides.  In  the  former  case  a i 
salt  of  thioantimonious  acid  would  be  formed ; such  an  acid,  however, 
does  not  exist,  and  the  saline  compounds  corresponding  to  it  which: 
are  formed  to  a certain  extent  in  concentrated  solutions,  are  decom-; 
posed  by  water.  The  salts  of  thioantimonic  acid,  however,  are  very  , 
stable,  and  these  are  immediately  formed  when  the  necessary  sulphur  i 
can  be  obtained  from  the  polysulphide  present. 

Free  thioantimonic  acid,  H3SbS4,  is  not  known.  If  hydrion  iaj 
introduced  into  the  solution  of  one  of  its  salts,  sulphuretted  hydrogen 


and  antimony  pentasulpkide  are  formed  : 2H3SbS4  - Sb2S5  + 3H,S.s 
The  process  corresponds  exactly  to  the  formation  of  an  anhydride  with : 
separation  of  water,  the  place  of  water  being  taken  by  sulphuretted 
hydrogen  in  the  case  of  the  thio-acid. 

The  antimony  pentasulpliide  which  can  be  obtained  in  this  way,  is 
very  similar  to  the  amorphous  trisulphide  as  far  as  external  appearance.^ 
is  concerned.  It  readily  decomposes  into  trisulphide  and  sulphur,  sot 
that  amounts  of  sulphur  varying  with  the  previous  treatment  can  be* 
extracted  from  the  product  with  carbon  disulphide.  It  is  soluble  not 
only  in  the  monosulphides  of  the  alkali  metals  but  also  in  the 
hydroxides;  in  the  latter  case,  antimonate  is  formed  in  the  solution- 
along  with  thioantimonate,  or,  the  salts  of  an  antimonic  acid  in  which 
only  a part  of  the  oxygen  is  replaced  by  sulphur  are  formed.  Itl 
dissolves  even  in  the  alkali  carbonates,  although  with  somewhat 
Greater  difficulty.  The  pentasulphide  obtained  by  precipitation  fromi 
Schlippe’s  salt,  is  employed  in  medicine  under  the  name  “golden- 

sulphur  of  antimony.”  . . 

The  solutions  of  the  thioantimonates  mostly  give  precipitates  witnfl 
the  salts  of  the  heavy  metals  which  are  practically  insoluble  in  water 
and  are  coloured  yellow,  red,  or  black.  In  these  compounds,  as  in 
Schlippe’s  salt,  the  trivalent  thioantimonamon  is  combined  with  three 

units  of  metal.  . 

Antimony  Hydride.— The  relationship  of  antimony  to  nitrogen 

and  phosphorus  is  seen  with  especial  clearness  in  its  power  of  forming: 
a gaseous  compound  with  hydrogen,  SbHs,  which,  as  regards  its  com- 
position, belongs  to  the  same  type  as  ammonia  and  phosphoretted 
hydrogen.  This  compound,  certainly,  has  no  basic  properties,  but  tftu» 
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Ki  constitutes  no  essential  difference,  since  these  arc  practically  wanting 
];  even  in  the  case  of  phosphoretted  hydrogen. 

Antimony  hydride,  SbH8,  is  obtained  by  the  action  of  acids  on 
alloys  of  antimony  with  other  metals  which  decompose  acids,  especially 
?!  zinc.  In  this  way,  the  antimony  hydride  is  always  obtained  mixed 
ii  with  much  hydrogen.  Even  when  it  is  separated  from  the  mixture 
, by  strongly  cooling,  it  again  undergoes  partial  decomposition  when 
the  separated  mass  is  gasified,  so  that  as  a matter  of  fact  only  mixtures 
a of  antimony  hydride  and  free  hydrogen  are  known. 

If  the  mixture  is  passed  through  a glass  tube  heated  at  one  part, 
i the  antimony  hydride  decomposes  at  that  spot,  and  metallic  antimony. 
Ids  deposited  as  a grey-black  coating,  which,  on  being  heated,  runs 
e together  into  drops,  but  cannot  be  readily  volatilised.  It  differs  in 

I this  respect  from  the  “arsenic  mirror,”  which  is  formed  under  similar 
.conditions,  and  with  which  it  could  be  confused.  Further  differences 
will  be  given  under  arsenic. 

Antimony  hydride  burns  with  a white  flame;  if  a piece  of 
■(porcelain  is  held  in  this,  unburnt  antimony  is  deposited  on  it  as  a 
■black  soot,  which  is  converted  at  the  edges  into  white,  floury-looking 
ri  antimony  oxide.  The  antimony  stains  can  be  readily  distinguished 
i.  from  the  arsenic  stains  formed  under  similar  conditions,  by  their  grey 
(not  brown)  colour. 

In  a solution  of  silver  nitrate  antimony  hydride  produces  a black 
precipitate  which  contains  silver  and  all  the  antimony,  so  that  the 
solution  contains  only  nitric  acid  and  undecomposed  silver  nitrate. 

Alloys  of  Antimony. — Of  the  various  metallic  mixtures  for 
which  antimony  is  employed,  the  most  important  is  that  with  lead. 
Even  fairly  small  quantities  of  antimony  considerably  increase  the 
aardness  of  lead,  and  in  chemical  manufactures,  where  the  chemical 
^resistibility  of  lead  is  required  along  with  moderately  great  mechanical 
’esistibilitjq  such  alloys,  called  hard  lead,  are  employed.  Type-metal, 
dso,  which  along  with  a comparatively  easy  fusibility  must  possess  a 
'Sufficient  hardness  and  the  power  of  exactly  filling  out  the  mould, 
consists  essentially  of  lead  and  antimony.  Alloyed  with  tin,  antimony 
vields  Britannia  metal,  which  is  used  for  domestic  utensils. 
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General. — In  accordance  with  its  smaller  combining  weight,  arsenic., 
deviates  still  more  than  antimony  from  the  type  of  the  metals,  and: 
exhibits  greater  similarity  to  the  non-metal  phosphorus ; at  the  same, 
time  the  tendency  to  form  acid  compounds  increases.  In  fact,  the, 
resemblance  of  arsenic  to  phosphorus  is  so  great  that  it  might  also* 
have  been  treated  along  with  that  element  among  the  non-metals. 

Elementary  arsenic  occurs  in  various  forms,  which  partly  recahi 
those  of  phosphorus.  The  most  stable  form  is  a grey,  crystalling 
mass  with  a metallic  lustre.  On  being  heated,  arsenic  does  not  fuse.,' 
but  passes,  before  reaching  its  melting  point,  into  a brown-yellow 
vapour.  It  can  be  fused  by  heating  under  pressure ; it  then  solidifies, 
to  a steel-grey,  lustrous  mass  with  a crystalline  fracture. 

From  the  vapour  density  of  arsenic,  the  molar  weight  is  found  tc 
be  300;  since  the  combining  weight  is  taken  as  75,  arsenic  vapouii 
has  the  formula  As4.  In  this  respect,  also,  there  is  a similarity  t< 
phosphorus  (p.  353)  and  a dissimilarity  to  the  metals,  in  the  case  ol 
which  the  molar  weight  coincides  with  the  combining  weight. 

If  the  vapour  of  arsenic  is  quickly  cooled,  amorphous _ arsenic,  u 
produced,  various  kinds  of  which  are  known.  The  most  interesting 
of  these  is  obtained  by  very  rapid  and  powerful  cooling ; it  is  yellow' 
non-metallic,  and  is  soluble  in  carbon  disulphide ; it  rapidly  undergo* 
oxidation  in  the  air  with  faint  luminescence,  and  emits  a smell  o 
earlic  ; in  short,  it  is  very  similar  to  white  phosphorus. 

& At  the  same  time,  other  kinds  of  amorphous  arsenic  are  formed 
more  especially  a velvet-black  and  a grey  variety.  All  these  form 
are  unstable,  and  are  rapidly  converted,  especially  when,  warmed,  inU 
stable,  crystalline  arsenic.  Their  formation  affords  fresh  examples  0 
the  principle  that  the  unstable  forms  are  produced  before  the  stable.  I 
That  as  a rule,  only  the  crystalline  form  appears  to  be  lormec 
from  the  vapour,  is  due  to  the  fact  that  the  phosphorus-like  arsenic 
first  produced  changes  almost  instantaneously  into  the  more  staD 
form.  Only  when  the  velocity  of  this  change  is  diminished  to 
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^ small  value  by  rapid  cooling  at  a low  temperature,  can  the  unstable 
a form  first  produced  be  observed. 

Arsenic  Trioxide. — When  arsenic  is  heated  with  access  of 
*> oxygen  it  burns  with  a brilliant  white  flame,  forming  an  oxygen 
a compound  to  which,  in  accordance  with  its  composition  and  vapour 
^density,  the  formula  As^Oy  must  be  assigned.  For  it  contains  24 
'i' parts  of  oxygen  to  75  parts  of  arsenic,  and  its  vapour  density  yields 
- the  molar  weight  396.  Strictly  speaking,  therefore,  this  compound 
twould  have  to  be  called  arsenic  hexoxide,  but  one  has  become 
■accustomed  to  write  the  formula  As.,03,  and  to  call  the  substance 
arsenic  trioxide.  In  ordinary  life,  in  which  this  compound  plays  a 
certain  r61e,  it  is  called  white  arsenic  or  simply  arsenic. 

Arsenic  trioxide  occurs  in  various  forms.  When  manufactured  on 
fthe  large  scale  it  appears  in  the  first  instance  as  a transparent  glass, 
which  is  generally  coloured  slightly  yellow  by  traces  of  impurities. 
This  glass  is  amorphous  arsenic  trioxide.  On  being  kept  some  time, 
the  glass  becomes  milk-white  and  looks  like  porcelain;  since  this 
change  is  accelerated  by  the  moisture  in  the  air  it  proceeds  from  the 
outside  towards  the  interior.  On  breaking  a moderately  large  piece, 
kerefoie,  which  has  on  all  sides  assumed  a porcelain-like  appearance, 
i kernel  of  unchanged  glassy  substance  is  frequently  found  in  the 
nterior.  The  porcelain-like  mass  is  crystalline  arsenic  trioxide.  Since 
jhis  is  produced  spontaneously  from  the  amorphous  form,  it  is  the 
nore  stable  of  the  two,  and  in  accordance  with  a general  law  (p.  259) 
t is  in  all  solvents  less  soluble  than  the  amorphous  form.  When, 
■herefoie,  water  is  in  contact  with  the  two  forms  the  solution  which 
s saturated  in  respect  of  the  amorphous  form  will  be  supersaturated 
n respect . of  the  crystalline  form.  The  amount  of  the  latter  will 
herefore  increase  from  the  solution ; this  becomes  unsaturated  in 
espect  of  the  amorphous  form,  dissolves  fresh  quantities  of  it,  and 
leposits  it  as  crystals.  This  process  is  continued  until  all  the 
morphous  substance  is  converted  into  crystalline.  This  furnishes 
he  explanation  of  the  accelerating  influence  of  moisture  on  the 
ransformation  (cf.  p.  666). 

Larger,  crystals  of  arsenic  trioxide  are  obtained  by  dissolving  the 
ubstance  in  warm  hydrochloric  acid.  On  cooling,  it  separates  out 
ery  slowly  and  forms  regular  octahedra  with  a diamond-like  lustre, 
ell-formed  crystals  can  also  be  obtained  by  sublimation.  Arsenic 
I ncnde,  like  metallic  arsenic,  also  passes  without  fusion  into  vapour. 

I Besides  the  regular  form  of  arsenic  trioxide,  a rhombic  form 

■ Iso  exists.  It  occurs  (rarely)  in  nature,  and  as  a mineral  it  is  called 

■ taudetite.  The  stability  relations  of  the  two  crystalline  forms  have 
■f  ot  yet  been  determined. 


In  the  manufactures,  arsenic  trioxide  is  obtained  by  roasting 
OT’senical  ores.  The  trioxide  is  collected  by  leading  the  vapours 
‘dtoduced  through  chambers  and  passages  of  masonry  in  which  the 
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trioxide  is  deposited  as  a powder  known  as  “poison-flour.”  This  ini 
purified  by  resublimation  from  iron  pots  having  cylinders  placed  ovei  | 
them,  and  is  thereby  obtained  in  the  glassy  form. 

Arsenic  trioxide  is  only  sparingly  soluble  in  water.  On  placing 
the  powder  in  water  it  is  not  wetted,  and  owing  to  the  surface  tension^ 
it  remains  floating  on  the  water  although  its  density  is  .ST. 

Arsenic  trioxide  readily  loses  oxygen.  In  order  to  show  this,  s j 
small  glass  tube  is  drawn  out  to  a point  and  fused  off;  a particle  o • 
arsenic  trioxide  is  then  placed  in  the  point  and  above  it  a small  piec*  i 
of  freshly  ignited  wood-charcoal.  If  the  tube  is  so  heated  that  th<  • 
charcoal  is  first  caused  to  glow  and  then  the  arsenic  trioxide  volatilised'! 
the  latter  loses  its  oxygen  in  contact  with  the  charcoal  and  the  liberates 
arsenic  is  deposited  as  a black  coating  on  the  colder  portions  of  the 
tube.  This  “ arsenic  mirror  ” can  be  easily  recognised  by  its  feebly  * 
metallic  lustre  and  the  brown  colour  which  it  shows  in  thin  layers  by; 
transmitted  light.  By  means  of  this  experiment,  very  small  quantities 
of  the  trioxide  can  be  detected  with  certainty. 

When  greatly  diluted,  arsenic  trioxide  is  used  as  a medicament.-. 
It  is  remarkable,  also,  that  the  organism  of  man  and  the  animals  can 
gradually  become  accustomed  to  large  quantities  of  arsenic.  By  mean; , 
of  it  horses  acquire  a healthy  and  spirited  appearance,  and  arseni. > 
eaters  also  assert  that  they  can  undergo  much  more  bodily  exertioi 
under  the  influence  of  this  substance.  The  organism  accustomed  tv 
arsenic,  however,  rapidly  decays  when  the  use  of  this  substance  i i 
interrupted,  and  it  can  be  kept  in  an  active  condition  only  by  regular 
or  increased  doses  of  the  poison. 

Arsenious  Acid. — The  aqueous  solution  of  arsenic  trioxide  has  ; t 
feebly  acid  reaction,  and  contains  an  acid  which  is  formed  from  tin 
trioxide  by  the  addition  of  the  elements  of  water.  In  all  probability; 
a decomposition  takes  place  in  the  process,  so  that  the  acid  containin 
only  two  combining  weights  of  arsenic.  Which  of  the  various! 
hydrates  H6As206,  H4As205,  H2As204  predominates  in  the  solution  (fo: 
we  must  assume  that  all  are  present,  although  in  very  varying  amount-.; 
is  unknown ; by  reason  of  the  very  feebly  developed  acid  properties^ 
the  formula  H2As204  will  be  the  most  suitable  expression  of  th< 

properties.  . rJB 

The  electrolytic  dissociation  of  arsenious  acid  is  extremely  smallJ 
its  soluble  salts  are  therefore  dissociated  hydrolytically  to  an  apprecx 
able  extent,  and  the  alkali  salts,  more  especially,  have  an  alkalmd 
reaction.  The  salts  of  the  other  metals  correspond  to  the  orthoacw 
H.As.,0,,  and  are  mostly  very  slightly  soluble  in  water.  This  is  trod 
more  “especially  for  the  ferric  salt,  so  that  freshly  precipitated  fern: 
hydroxide  by  combining  with  the  arsenious  acid  can  be  used  as  ai; 
effective  antidote  in  cases  of  poisoning  with  this  substance.  1 < 
copper  salt  is  green  and  is  employed  as  a colouring  matter  (techeee 
green).  With  copper  acetate,  copper  arsenite  forms  a double  salt  ot 
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i brilliant  green  colour,  which  is  applied  under  the  name  Schweinfurter 
(rreen.  On  account  of  their  containing  arsenic,  both  substances  are 
I dangerous,  and  their  use  for  articles  of  daily  use,  and  more  especially 
also  in  wall-papers,  must  by  all  means  be  excluded. 

Arsenic  Trichloride. — In  a current  of  chlorine,  arsenic  burns 
iji  without  external  application  of  heat  and  forms  a colourless,  heavy 
liquid  (density  2‘2),  which  boils  at  134°  and  whose  vapour  yields  the 
molar  weight  182.  The  latter  number  forms  the  chief  reason  for 
assigning  to  arsenic  the  combining  weight  75,  and  to  its  chloride  the 
formula  AsC13,  for  75  is  the  smallest  weight  of  arsenic  occurring  in  a 
mole  of  any  volatile  arsenic  compound. 

Arsenic  trichloride  can  also  be  obtained  by  pouring  sulphuric  acid 
over  arsenic  trioxide  and  adding  pieces  of  rock  salt.  By  the  action  of 
the  sulphuric  acid  on  the  sodium  chloride,  hydrochloric  acid  is  formed, 
and  this  acts  on  the  arsenic  trioxide  according  to  the  equation 
As4Og  + 12HC1  = 4AsC13  + 6H20.  Since,  on  the  other  hand,  arsenic 
trichloride  is  partially  converted  by  water  into  trioxide  and  hydrochloric 
acid,  the  method  is  successful  only  when  a large  excess  of  concentrated 
sulphuric  acid  is  employed  whereby  the  water  produced  is  bound. 

A chemical  equilibrium,  which  depends  on  the  concentration  of  the 
four  substances,  exists  between  water,  arsenic  trichloride,  hydrogen 
chloride,  and  arsenic  trioxide.  An  increase  of  the  water  promotes  the 
decomposition  of  the  trichloride ; an  increase  of  hydrogen  chloride,  its 
re-formation.  That  ordinary  aqueous  hydrochloric  acid  also  converts 
part  of  the  trioxide  into  chloride,  is  seen  from  the  increased  solubility 
of  the  trioxide  in  concentrated  hydrochloric  acid  as  compared  with 
ithat  in  water ; the  excess  is  dissolved  as  chloride. 

The  presence  of  the  chloride  in  the  hydrochloric  acid  solution  is 
also  made  evident  from  the  fact  that  on  distillation  an  arsenical 
distillate  is  obtained.  Since  arsenic  trioxide  or  arsenious  acid  is  not 
volatile  under  these  conditions,  the  arsenic  can  pass  into  the  distillate 
only  in  the  form  of  volatile  trichloride.  This  behaviour  is  of  import- 
ance for  the  treatment  of  arsenical  substances  in  analysis.  Solutions 
containing  arsenious  acid  and  hydrochloric  acid  cannot  be  evaporated 
without  a danger  of  loss  of  arsenic. 

* In  order  to  avoid  this  we  may  either  make  the  liquid  alkaline 
before  evaporating  it,  or  the  arsenious  acid  may  be  converted  by  an 
oxidising  agent  into  arsenic  acid.  A solution  of  the  latter  can  be 
evaporated  without  loss  even  when  strongly  acidified  with  hydro- 
chloric acid.  For  arsenic  does  not  form  any  pentachloride  corre- 
sponding to  arsenic  acid,  nor  any  other  volatile  chlorine  compound 
kelonging  to  this  stage  of  oxidation. 

* The  above  gives  a means  of  purifying  sulphuric  acid  containing 
rsenic.  The  arsenic  is  reduced  to  arsenious  acid  (if  it  is  not  already 

:n  this  condition),  and  hydrogen  chloride  is  passed  through  the  heated 
acid  ; the  arsenic  is  then  volatilised  as  the  trichloride. 
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# Conversely,  hydrochloric  acid  can  be  freed  from  arsenic  bj 
oxidising  the  latter  to  arsenic  acid  and  distilling  the  acid.  The  | 
arsenic  remains  in  the  residues. 

Arsenic  forms  similar  compounds  with  bromine  and  iodine,  AsBr,  j 
and  Asl.j ; these  have  a higher  boiling  point  and  melting  point.  At: 
room  temperature  they  are  both  solid ; the  bromide  melts  at  25°  and  i 
boils  at  220° ; the  melting  point  and  boiling  point  of  the  iodide  are-j 
not  definitely  known,  but  they  are  both  higher  than  in  the  case  of  the  i 
bromide. 

The  compounds  are  obtained  by  bringing  together  the  frees 
elements ; this  is  best  done  under  carbon  disulphide,  which  can . 
then  be  removed  by  evaporation.  The  bromide  is  colourless,  the  i 
iodide  red.  Like  the  chloride,  both  compounds  are  decomposed  byvj 
water ; the  relative  amount  of  the  portion  dissolving  without  decom-.- 
position  is  not  known. 

Arsenic  Trisulphide. — Arsenic  trisulphide,  As2S3,  corresponding.; 
to  the  trioxide,  occurs  in  nature.  It  forms  yellow  crystals  with  a. 
slight  metallic  lustre ; on  being  ground  it  yields  a bright  lustrous.  - 
powder,  which  was  formerly  used  as  a pigment.  To  this  the  name-; 
orpiment , the  mineralogical  name  for  arsenic  trisulphide,  is  due.  \ 
Arsenic  trisulphide  is  obtained  as  a sulphur-yellow  powder,  practically  • 
insoluble  in  water,  by  precipitating  acid  solutions  of  arsenious  acid  ! 
with  sulphuretted  hydrogen.  Since  this  is  the  way  in  which  arsenic 
is  ordinarily  separated  in  analytical  operations,  it  is  important  to  know 
the  exact  properties  of  arsenic  trisulphide. 

On  treating  a dilute  solution  of  arsenious  acid  in  pure  water  with: 
sulphuretted  hydrogen,  the  smell  of  the  gas  disappear^  no  precipitate- 
is  formed,  but  the  solution  becomes  yellow.  If  a cone  of  convergent, 
light  rays  is  allowed  to  fall  on  the  liquid,  the  path  of  the  light 
becomes  bright,  owing  to  diffusion.  This  fact  (and  the  polarised^ 
condition  of  "the  diffused  light)  shows  that  the  arsenic  trisulphide  in: 
the  liquid  is  not  really  in  solution,  but  is  in  suspension  in  a state  of : 
very  fine  division.  The  particles  are,  however,  so  small  that  they  are  • 
neither  visible  under  the  microscope  nor  are  retained  by  filter  paper. 
Their  size  is  of  the  order  of  a wave-length  of  light. 

If  some  hydrochloric  acid  is  added  to  the  liquid  it  becomes  turbid, . 
and  in  a few  moments  arsenic  trisulphide  separates  out  in  yellow 
flakes.  Other  substances,  acids  and  neutral  salts,  act  in  the  same  t 
manner  as  hydrochloric  acid,  and  in  a way  that  is  fairly  independent 
of  their  chemical  nature.  If  the  precipitate  is  placed  as  quickly  as 
possible  after  its  separation  on  a filter  and  the  acid  washed  away  with 
pure  water,  it  again  partly  passes  into  a liquid  as  before;  another 
portion  remains  insoluble.  If  the  precipitate  is  allowed  to  remain 
some  time  in  the  solution  in  which  it  was  formed,  it  becomes 
completely  insoluble.  We  again  recognise  here  the  properties  of 
colloidal  solutions  (p.  420).  The  formation  of  such  colloidal  solutions  t 
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takes  place  most  easily  in  pure  water.  Addition  of  foreign  substances, 
especially  of  a saline  character  (to  which  free  acids  and  bases  also 
belong)  causos  the  separation  of  the  colloidal  substances  in  the  form  of 
amorphous  flakes.  For  this  reason  the  colloidal  solution  of  arsenic 
trisulphide  can  be  obtained  with  sulphuretted  hydrogen  only  from  a 
pure  solution  of  arsenious  acid.  If  the  solution  contain,  for  example, 
hydrochloric  acid  along  with  the  arsenious  acid,  the  arsenic  trisulphide 
is  at  once  formed  as  a flocculent  precipitate  on  being  treated  with 
sulphuretted  hydrogen. 

If  the  yellow  colloidal  solution  is  kept  some  time  it  becomes  more 
and  more  turbid,  and  gradually  deposits  more  and  more  of  the  arsenic 
trisulphide  as  a precipitate.  This  is  also  a general  property  of  colloidal 
solutions  ; the  dissolved  substance  passes  in  time  spontaneously  into  an 
insoluble  form. 

The  characteristic  difference  between  colloidal  solutions  and  the  true 
solutions,  viz.  that  the  former  do  not  exhibit  any  elevation  of  the  boiling 
point  nor  depression  of  the  freezing  point  as  compared  with  pure  water 
(p.  421),  is  also  found  in  the  case  of  colloidal  arsenic  trisulphide.  . 

Arsenic  trisulphide,  not  in  the  colloidal  condition,  is  practically 
insoluble  in  water  and  acids ; more  especially,  it  is  not  attacked  by 
fairly  concentrated  hydrochloric  acid,  and  thereby  differs  essentially 
from  antimony  trisulphide.  It  is  readily  oxidised  by  nitric  acid  to 
arsenic  acid  and  sulphuric  acid.  On  standing  in  a moist  condition  in 
contact  with  the  oxygen  of  the  air,  it  is  converted  fairly  quickly  into 
soluble  arsenious  acid. 

Arsenic  trisulphide  is  readily  soluble  in  alkaline  liquids  of  all 
kinds,  caustic  alkalis,  alkali  carbonates,  ammonia,  and  also  ammonium 
carbonate ; it  also  dissolves  in  soluble  sulphides  and  hydrosulphides. 
Various  salts  are  contained  in  the  solutions  according  to  the  solvents 
used ; these  may  be  regarded  as  arsenites  in  which  some  or  all  of  the 
combining  weights  of  oxygen  are  replaced  by  sulphur.  We  are  there- 
fore dealing  with  the  salts  of  thioarsenious  acid,  and  the  members 
intermediate  between  these  and  the  salts  of  arsenious  acid.  In  the 
latter  case  we  are  dealing  with  mixtures  the  nature  of  which  has  not 
yet  been  explained.  Arsenic  trisulphide  is  again  precipitated  from  all 
these  solutions  by  the  addition  of  acids. 

By  means  of  its  solubility  in  ammonium  carbonate  arsenic  trisul- 
phide can  be  readily  separated  from  all  the  other  sulphides  which  are 
precipitated  from  acid  solution  by  sulphuretted  hydrogen. 

Arsenic  Hydride.  — When  a solution  containing  arsenic  ( e.g . 
arsenious  acid)  is  added  to  a mixture  of  zinc  and  hydrochloric  acid, 
from  which  hydrogen  is  being  evolved,  a gaseous  compound  mixes  with 
the  hydrogen,  and  essentially  alters  its  properties.  The  arsenical 
hydrogen  has  a strong  garlic-like  smell,  is  extremely  poisonous,  and 
burns  with  a bright  white  flame,  which  differs  essentially  from  the  pale 
iblue  flame  of  pure  hydrogen. 
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The  cause  of  this  change  is  the  formation  of  arsenic  hydride,  AsH.,, 
which  can  he  obtained  in  an  approximately  pure  condition  by  fusing  „ 
together  arsenic  and  zinc  to  form  the  compound  Zn3As2,  and  decomposing 
this  with  hydrochloric  acid  : Zn3As2  + 6HC1  = 2AsH3  + 3ZnCl2.  In 
the  pure  state,  arsenic  hydride  is  a colourless  gas,  which  liquefies 
at  -40°. 

The  presence  of  arsenic  hydride  along  with  much  hydrogen  can  he' 
recognised  not  merely  by  the  peculiarities  above  mentioned.  If  the  • 
dried  arsenical  gas  is  passed  through  a glass  tube  constricted  at  one 
point,  and  the  latter  heated  to  a low  red  heat  immediately  in  front  of  t 
the  constriction,  the  arsenic  hydride  decomposes  into  hydrogen,  which 
escapes,  and  metallic  arsenic,  which  is  deposited  as  an  “ arsenic  mirror 


* 


(p.  708)  in  the  constricted  portion- of  the  tube.  The  arrangement  is  • 
shown  in  Fig.  120. 

Since,  in  this  way,  all  arsenic  compounds  dissolved  in  acid  liquids  tj 
can  be  converted  into  arsenic  hydride  or  metallic  arsenic,  and  even  u 
extremely  small  quantities  of  the  latter  can  be  recognised  in  the  form 
of  the  mirror,  the  above  arrangement  is  used  for  the  detection  of  i 
arsenic  in  analysis. 

The  flame  of  the  arsenical  hydrogen  is  white,  and  deposits  on  cold  i 
objects  held  in  it  a brown- black  film  of  metallic  arsenic.  A black 
precipitate  is  produced  in  a silver  solution. 

All  these  reactions  are  very  similar  to  those  of  antimony  hydride  I 
(p.  705),  and  it  is  therefore  of  importance  to  distinguish  between  i 
the  two.  For  this  purpose  a solution  of  sodium  hypochlorite  may  be  I 
most  simply  used.  In  this  the  arsenic  mirror  speedily  dissolves,  while 
the  antimony  mirror  remains  for  a long  time  unchanged.  Fuit  er, 
the  arsenic  mirror  is  readily  volatile,  the  antimony  minoi  is  no 
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Sulphuretted  hydrogen  or  ammonium  sulphide  vapour  converts  the 
former  into  bright  yellow  arsenic  sulphide,  insoluble  in  hydrochloric 
acid,  the  latter  into  yellow-red  antimony  sulphide,  soluble  in  hydro- 
chloric acid.  The  precipitate  produced  in  silver  solutions  by  arsenic 
hydride  is  silver,  the  arsenic  passing  into  solution  as  arsenious  acid. 
Antimony  hydride  forms  silver  antimonide,  and  there  is  no  antimony 
in  solution.  The  last  reaction  affords  a means  of  analysing  mixtures 
of  the  two  hydrogen  compounds. 

Compounds  of  Pentavalent  Arsenic. — The  compounds  hitherto 
discussed  can  all  be  referred  to  the  trivalent  type.  Besides  the  latter, 
arsenic  forms  two  other  series  of  compounds,  one  of  which  corresponds 
to  the  pentavalent  type,  while  there  are  also  other  compounds  which 
point  to  the  existence  of  a divalent  type.  The  latter  are  comparatively 
rare  and  unimportant. 

When  arsenic  trioxide  is  treated  with  oxidising  agents,  e.g.  nitric 
acid,  a solution  is  obtained  from  which,  on  greatly  concentrating, 
arsenic  acid,  H3As04,  crystallises  out. 


In  its  whole  behaviour  arsenic  acid  is  very  similar  to  orthophos- 
phoric  acid.  Like  this  it  is  tribasic,  but  its  soluble,  normal  salts  are 
partially  hydrolysed  on  being  dissolved  in  water,  and  therefore  react 
I alkaline.  All  the  salts  of  arsenic  acid  are  isomorphous  with  the  corre- 
sponding salts  of  phosphoric  acid ; in  fact,  it  was  in  the  case  of  the 
arsenates  and  phosphates  that  similarity  of  form  along  with  corre- 
sponding composition  was  first  observed. 

The  solubility  relations  of  the  salts  of  arsenic  acid  have  also  a very 
I great  similarity  to  those  of  the  salts  of  the  phosphoric  acids. 

The  following  differences,  however,  exist  in  the  behaviour  of  the 
t two  substances.  In  the  first  place,  one  has  not  succeeded  in  preparing 
partial  anhydrides  of  arsenic  acid,  corresponding  to  pyrophosphoric 
and  metaphosphoric  acids.  On  the  contrary,  only  orthoarsenic  acid, 

] H3As04,  along  with  its  salts,  and  arsenic  pentoxide  are  known. 

Further,  even  on  being  gently  warmed,  arsenic  acid  loses  water  and 
] passes  into  its  anhydi’ide,  arsenic  pentoxide,  As.,05 ; while  phosphoric 
acid  (p.  364)  can  be  dehydrated,  by  heating,  only  to  metaphosphoric 
s acid. 


Arsenic  pentoxide  is  obtained  as  a white  powder  by  heating  arsenic 
acid  to  a moderate  temperature.  On  being  more  strongly  heated  it 
i loses  oxygen,  and  passes  into  arsenic  trioxide.  When  mixed  with 
'water  it  first  forms  a pasty  mass,  which  is  slowly  converted  into  a 
clear  solution  of  arsenic  acid. 

Arsenic  acid  is  used  in  the  arts  and  manufactures  as  a feeble 
.r  oxidising  agent  in  the  preparation  of  certain  dyes. 

The  salts  of  arsenic  acid  are  of  slight  importance.  While  those 
i of  the  alkali  metals  are  readily  soluble  in  water,  the  other  metals  mostly 
' form  difficultly  soluble  salts.  The  magnesiuni  ammonium  compound, 
~ Mg(NH4)As04,  which  is  formed  under  similar  conditions  to  the  corre- 
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sponding  phosphate  (p.  53G),  and,  similarly  to  it,  is  used  for  the  deter- 
mination of  arsenic  acid,  and  therefore  also  of  arsenic,  deserves  to  be 
mentioned.  Under  the  action  of  reducing  substances  (filter  paper, 
unburnt  coal-gas)  and  on  warming,  reduction  very  readily  occurs  with 
volatilisation  of  arsenic,  and  attention  must  be  paid  to  this  in  analysis.  I 

In  respect  of  its  electrolytic  dissociation,  arsenic  acid  is  very  similar 
to  phosphoric  acid.  Even  up  to  a great  dilution  the  aqueous  solution  ' 
contains  chiefly  the  ions  H'  and  H2As04',  and  the  further  stages  of 
dissociation  are  quite  subsidiary.  At  the  same  concentration  arsenic 
acid  is  less  dissociated  than  phosphoric  acid,  but  the  difference  is  not 
great. 

An  arsenic  pentachloride  corresponding  to  arsenic  acid  is  not  t 
known.  This  is  somewhat  remarkable,  since  its  congeners  both  with 
lower  and  higher  combining  weight,  viz.  phosphorus  and  antimony, 
each  form  a pentachloride.  In  the  case  of  bismuth,  certairdy,  which 
follows  antimony,  a pentachloride  is  also  unknown. 

Arsenic  Pentasulphide. — A solution  of  sodium  thioarsenite, 
Na3AsS3,  when  warmed  with  sulphur,  readily  takes  up  a combining  i 
weight  of  the  latter,  and  forms  a new  salt  according  to  the  equation 
Na3AsS3  + S = Na3AsS4.  We  are  here  again  dealing  with  the  sodium 
salt  of  a thio-acid,  H3AsS4.  Since  the  formula  corresponds  to  that  of  t. 
arsenic  acid,  H3As04,  the  acid  is  called  thioarsenic  acid. 

On  attempting  to  liberate  the  thioarsenic  acid  by  the  addition  of  f 
another  acid,  a yellow  precipitate  is  produced,  which  looks  almost  like 
arsenic  trisulphide,  but  has  the  composition  As2S5,  and  is  therefore 
arsenic  pentasulphide.  In  this  process  again  thioarsenic  acid  is  first  : 
formed,  but  the  acid  is  not  stable,  and  decomposes  into  arsenic  penta- 
sulphide and  sulphuretted  hydrogen. 

Arsenic  pentasulphide  is  also  a rather  unstable  compound,  and  ; 
readily  decomposes  into- arsenic  trisulphide  and  sulphur. 

Compounds  of  the  Divalent  Type. — Arsenic  unites  with  sulphur 
and  with  iodine  to  form  the  compounds  As2S2  and  Asl2,  which  belong  . 
to  a lower  type  than  the  compounds  hitherto  discussed. 

The  sulphur  compound  occurs  naturally  in  dark  red  crystals,  and  I 
can  be  prepared  from  the  two  elements  by  fusing  them  together.  Its  > 
mineralogical  name  is  realgar.  It  fuses  readily,  and  burns  in  the  air 
to  arsenic  trioxide  and  sulphur  dioxide ; it  dissolves  in  the  solvents  for  r 
arsenic  trisulphide,  leaving  behind  a residue  of  arsenic. 

Arsenious  iodide,  Asl2,  is  also  obtained  as  a dark-red  mass  y 
heating  its  constituents  in  a closed  tube,  and  crystallises  from  carbon  i 
disulphide  in  long  needles.  In  chemical  reactions  it  behaves  similarly  ’ 
to  the  sulphur  compound,  metallic  arsenic  being  deposited  and  the  1 
corresponding  trivalent  compounds  formed. 
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VANADIUM,  NIOBIUM,  TANTALUM,  GALLIUM,  AND  INDIUM 

Vanadium. — The  three  elements,  vanadium,  niobium,  and  tantalum 

I resemble  those  of  the  nitrogen  group  in  that  they  chiefly  form  com- 
pounds belonging  to  the  pentavalent  type,  and  that  their  higher  oxygen 
compounds  have  an  acid  character.  In  the  elementary  state  they  have 
the  properties  of  metals  ; their  halogen  compounds  are  readily  volatile. 
All  three  are  only  sparingly  found  in  the  earth’s  crust,  although  the 
first  mentioned,  vanadium,  occurs  in  small  quantities  widely  distributed. 

Vanadium  is  obtained  from  the  mixtures  containing  it  by  fusing 
these  with  soda  and  saltpetre.  It  is  thereby  converted  into  soluble 
sodium  vanadate,  and  can  be  extracted  with  water.  After  the 
admixtures  have  been  removed  as  far  as  possible,  pieces  of  solid 
tfl  ammonium  chloride  are  placed  in  the  liquid.  Ammonium  vanadate  is 
then  formed,  which  is  practically  insoluble  in  the  concentrated  solution 
of  ammonium  chloride,  and  separates  out  as  a crystalline  powder.  Bv 
heating  the  ammonium  salt  in  the  air  vanadium  pentoxide,  V205,  the 
i anhydride  of  vanadic  acid,  is  obtained  as  a yellow  or  brown  powder, 
which  dissolves  in  water  with  a red  colour.  The  solution  appears, 
o however,  to  be  essentially  of  a colloidal  nature,  as  it  is  precipitated  by 
rt  neuti'al  salts. 

Various  acids  can  be  derived  from  vanadium  pentoxide.  Metavan- 
d adic  acid,  HV03,  in  the  form  of  its  salts,  is  the  best  known.  The 
H above-mentioned  ammonium  salt  is  a metavanadate  (NH4)V03.  Ortho- 
and  pyro-vanadates  also  exist.  Besides  these  acids,  “ condensed  ” acids, 
containing  several  combining  weights  of  vanadium,  are  readily  formed! 
rri  Thus,  for  example,  the  salts  of  tetra vanadic  acid,  H9V40n,  and  of 
ft  hexavanadic  acid,  H2\6016,  are  known.  They  are  formed  on  acidifying 
I tbe  simple  vanadates,  and  are  of  a yellow-red  to  dark-red  colour,  while 
■ the  simple  vanadates  are  white,  or  sometimes  yellow.  Little  is  known, 
I however,  of  the  conditions  of  formation  and  of  mutual  transformation 
of  these  various  forms. 

Vanadium  pentoxide  is  capable  also  of  uniting  with  strong  acids  to 
form  salt-like  compounds,  hydroxyl  being  split  off  instead  of  the  acid 
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hydrogen.  Such  compounds,  more  especially  with  sulphuric  acid,  are 
known  even  in  the  solid  state. 

By  reducing  the  pentoxide  with  hydrogen,  or  with  charcoal  at  a 
high  temperature,  vanadium  trioxide,  V203,  is  obtained  as  a grey-black 
powder  with  metallic  lustre.  This  was  formerly  regarded  as  metallic 
vanadium,  since,  besides  having  a metallic  lustre,  it  is  also  a good 
conductor  of  electricity.  It  dissolves  in  acids  to  form  dark-green  salts, 
which  are  also  obtained  by  reducing  acid  solutions  of  the  pentoxide 
with  zinc. 

Besides  these  two  oxides,  the  compounds  V20,  V202,  V204,  and 
some  intermediate  compounds  have  also  been  prepared.  They  have 
all  a metallic  appearance.  The  dioxide  dissolves  in  dilute  acids  to  j 
form  blue  liquids,  which  evolve  hydrogen,  and  have  strong  reducing  *. 
properties. 

The  compounds  with  the  halogens,  especially  with  chlorine,  exhibit 
as  great  variety  as  the  oxygen  compounds.  Strange  to  say,  a penta- 
chloride,  which  would  be  expected,  corresponding  to  the  pentoxide, 
does  not  exist ; the  highest  chloride  stage  is  the  tetrachloride,  VC14. 
An  oxychloride,  however,  viz.,  vanadyl  chloride,  VOCl3(VO  = vanadyl),  j 
belonging  to  the  pentavalent  type,  is  known.  It  is  obtained  by  first 
passing  hydrogen  and  then  chlorine  over  a heated  mixture  of  vanadium  - 
pentoxide  and  charcoal.  It  is  a bright  yellow  liquid,  boiling  at  127  , 
which  reacts  with  water  with  great  rise  of  temperature,  and  fumes  in 
the  air.  From  this  VOCl2  and  YOC1  are  obtained  by  reduction  with 
hydrogen  \ they  are  both  solid,  crystalline  substances,  the  former  being 
green,  the  latter  brown. 

If  a mixture  of  vanadyl  trichloride  vapour  and  chlorine  is  passed  : 
over  red-hot  charcoal,  the  tetrachloride,  VC14,  is  obtained  as  a brown 
liquid,  boiling  at  154°.  On  being  more  strongly  heated  it  decomposes  • : 
into  chlorine  and  vanadium  trichloride,  VC13,  which  forms  lustrous, 
violet-red  crystals,  which  recall  chromic  chloride.  They  attract  moisture 
from  the  air  and  deliquesce  to  a brown  liquid.  On  heating  the  vapour 
with  hydrogen  the  tetrachloride  is  converted  into  vanadium  dichloride, 
VC12.  This  forms  apple-green,  difficultly  volatile  crystals  with  a mica- 
ceous lustre,  which  deliquesce  in  the  air  to  a violet-blue  liquid. 

Finally,  on  strongly  heating  the  dichloride  in  a current  of  hydrogen, 
metallic  vanadium  is  obtained  as  an  unmelted,  grey  mass,  which 
acquires  a metallic  lustre  on  being  rubbed,  and  does  not  dissolve  in  » 
dilute  acid.  It  burns  readily  in  a current  of  nitrogen,  forming  vanadium 
nitride,  VN,  a yellow-brown  powder  with  a metallic  lustre.  On  fusion 
with  caustic  potash  the  nitride  is  converted  into  vanadic  acid  with 
evolution  of  ammonia. 

On  passing  sulphuretted  hydrogen  into  a solution  of  ammonium  i 
vanadate  in  ammonia  a precipitate  is  produced  which,  on  continuing 
to  pass  the  gas,  dissolves,  forming  a fine,  violet-red  coloured  liquid. 
From  this  solid  ammonium  thiovanadate,  resembling  potassium  per- 
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mangate  in  appearance,  crystallises  out.  The  salt  has  the  composition 
(NH4)3VS4,  and  therefore  belongs  to  the  ortho  series.  On  adding 
acids,  sulphuretted  hydrogen  is  evolved,  and  a brown  precipitate  is 
formed,  which,  however,  does  not  appear  to  be  pure  vanadium  penta- 
sulphide.  The  latter  is  obtained  as  a black  powder  by  fusing  the 
trisulphide  with  sulphur.  The  trisulphide,  in  its  turn,  is  obtained  by 
heating  the  pentoxide  in  a current  of  sulphuretted  hydrogen,  or,  better, 
of  carbon  disulphide.  It  is  grey-black  in  colour,  and  dissolves  in  alkali 
I sulphides,  especially  in  such  as  contain  excess  of  sulphur,  forming  a 
j red-violet  solution  of  thiovanadate. 

Vanadic  acid  has  the  property  of  catalytically  accelerating  certain 
; oxidation  processes  ( e.g . the  oxidation  of  aniline  to  aniline  black,  with 
j sodium  chlorate),  and  is  therefore  employed  for  such  purposes  in  the 
j arts  and  manufactures.  Even  very  small  quantities  of  the  acid  are 
f;.i  sufficient  to  effect  a great  acceleration. 

The  combining  weight  of  vanadium  has  been  found  equal  to  51 ’2. 

Niobuim  and  Tantalum  are  two  extremely  rare  elements,  whose 
; combining  weights  are  respectively  94  and  183.  Free  niobium  is 
! obtained  as  a grey  metal  by  the  reduction  of  its  chloride  with  hydrogen 
at  a red-heat.  It  resists  the  action  of  dilute  acids,  but  burns  in  a 
current  of  chlorine.  With  oxygen,  niobium  forms  a pentoxide,  Nb,05, 
which  is  the  anhydride  of  a very  Aveak  acid,  the  alkali  salts  of  which 
are  decomposed  even  by  carbonic  acid,  with  precipitation  of  the 
hydroxide.  On  being  heated  in  a current  of  hydrogen  the  pentoxide 
passes  into  a black,  metal-like  dioxide,  Avhich  Avas  formerly  taken  for 
the  metal. 

With  chlorine,  niobium  forms  a pentachloride  which  can  be  obtained 
by  heating  the  pentoxide  Avith  charcoal  in  a current  of  chlorine.  It 
forms  yelloAv  crystals  Avhich  melt  at  194°  and  boil  at  240°.  If  in  the 
preparation  the  presence  of  Avater  is  not  avoided,  niobium  oxychloride, 
NbOClg,  is  chiefly  formed  as  a white  mass,  Avhich  does  not  fuse,  but 
t sublimes  at  400°.  A trichloride  is  also  knoAvn,  Avhich  is  deposited  on 
. strongly  heating  the  vapour  of  the  pentachloride. 

Niobium  forms  complex  compounds  Avith  fluorine,  Avhich  exhibit  a 
■ someAvhat  varied  composition,  and  Avhich  have  not  yet  been  arranged 
i under  simple  types. 

The  compounds  of  tantalum  are  very  similar  to  those  of  niobium. 
Especially  characteristic  is  potassium  fluotantalate,  the  potassium  salt 
of  hydrofluotantalic  acid,  H2TaF7  ; the  latter  is  readily  formed  by 
- dissolving  the  pentoxide  in  hydrofluoric  acid. 

Gallium  and  Indium. — The  elements  most  nearly  related  to  these 
' tAvo  rare  elements  are  to  be  found  among  the  alkaline  earth  metals.  In 
i certain  respects,  hoAvever,  they  resemble  the  heavy  metals,  so  that  it 
appeared  more  suitable  to  treat  of  them  at  this  point. 

Gallium  occurs  very  sparingly  in  certain  zinc  blendes,  and  Avas 
discovered  by  means  of  the  spectroscope  by  Lecoq  de  Boisbaudran  in 
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1875.  With  the  exception  of  mercury,  it  is  the  only  metal  which  can 
be  liquid  at  the  ordinary  temperature.  Its  melting  point,  it  is  true, 
lies  somewhat  higher,  viz.  30' , but  it  can  easily  be  supercooled,  and  it 
remains  liquid  at  room  temperature  if  not  brought  into  contact  with 
the  solid  metal.  It  has  the  density  6,  and  is,  in  the  solid  state,  hard 
and  brittle.  It  undergoes  superficial  oxidation  in  the  air  and  in  water, 
and  readily  dissolves  in  acids  and  alkalis  with  evolution  of  hydrogen. 

Gallium  has  the  combining  weight  69-9. 

Gallium  yields  two  series  of  compounds,  in  which  it  appears  as 
divalent  and  as  trivalent.  The  first  series  has  been  little  investigated, 
and  the  corresponding  compounds  are  converted  by  water  into  com- 
pounds of  the  trivalent  series  with  evolution  of  hydrogen. 

The  derivatives  of  the  trivalent  series  are  derived  from  the  trivalent 
trigallion,  Ga‘".  This  is  colourless,  is  only  slightly  basic,  and  in  its 
properties  is  closely  related  to  aluminion.  Its  salts,  however,  undergo 
hydrolysis  more  readily.  Gallium  hydroxide,  which  can  be  obtained 
by  the  careful  addition  of  a base  to  gallic  salts,  is  a gelatinous,  white 
precipitate,  which  dissolves  both  in  acids  and  in  bases.  It  is  appreci 
ably  soluble  also  in  ammonia,  showing  that  gallium  hydroxide  has 
somewhat  stronger  acid  properties  than  aluminium  hydroxide,  and  can 
therefore  form  anions  of  the  composition  Ga03H2',  Ga03H",  GaOg'". 

Gallium  unites  with  chlorine  to  form  a sub-chloride,  GaCl2,  which 
is  formed  from  the  metal  and  free  chlorine,  using  excess  of  the  former. 
It  is  a white  mass  which  melts  at  164°  and  boils  at  535°.  When  once 
fused  it  remains  for  a long  time  liquid,  even  at  room  temperature,  since 
by  reason  of  the  rarity  of  the  element  the  presence  of  particles  of  it 
in  the  dust  is  excluded.  With  water  it  yields  a basic  chloride  and 
hydrogen. 

Gallic  chloride  is  formed  in  the  same  way  as  the  gallous  chloride, 
if  excess  of  chlorine  is  employed.  It  melts  at  76°  and  boils  at  220c. 
The  vapour  density  leads  to  a molar  weight  between  350  and  190,  and 
shows,  therefore,  that  the  vapour  is  a mixture  of  Ga2Cl6  and  GaCl3,  the 
composition  of  which  depends  on  the  pressure  and  temperature  (cf.  p. 
324).  The  chloride  dissolves  in  water,  but  soon  deposits  basic  com- 
pounds, hydrochloric  acid  being  split  off. 

The  other  gallic  salts  behave  in  a similar  manner.  Mention  should 
be  made  of  the  sulphate,  which  is  similar  to  aluminium  sulphate,  and 
also  forms  alums,  which  crystallise  in  the  usual  regular  forms,  with 
the  alkali  sulphates. 

Indium  was  discovered  in  1863  by  Reich  and  Richter,  also  by 
means  of  the  spectroscope,  and  is,  like  gallium,  associated  with  zinc  in 
certain  blendes. 

Metallic  indium  is  soft,  like  lead,  white-grey  in  colour,  has  the 
density  7 ‘4,  melts  at  176°,  is  oxidised  in  the  air,  and  stands  between 
cadmium  and  lead  in  the  potential  series.  Its  combining  weight  is 
113-7. 
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In  its  compounds  indium  appears  as  mono-,  di-,  and  tri-valent,  but 
the  last  class  of  compounds  are  alone  stable  in  aqueous  solution.  The 
former  are  represented  by  the  chlorine  compounds  InCl  and#  InCl2,  the 
latter  of  which  is  obtained  by  heating  the  metal  in  a current  of 
chlorine.  It  is  obtained  as  a yellow  liquid,  which  solidifies  to  a white 
crystalline  mass.  This  dissolves  in  water  with  formation  of  indium 
trichloride,  a third  of  the  indium  separating  out  as  the  metal.  If  the 
dichloride  is  fused  together  with  metallic  indium,  the  latter  dissolves 
with  a dark-red  colour,  and  yields  a black-red  crystalline  substance, 
indium  monochloride ; this  is  also  decomposed  by  water  into  metallic 
indium,  which  is  deposited,  and  indium  trichloride,  which  passes  into 
solution. 

Indium  trichloride  is  formed  as  a white  mass  by  the  action  of 
excess  of  chlorine  on  metallic  indium;  it  volatilises  at  about  440°  and 
dissolves  in  water  with  great  rise  of  temperature.  The  aqueous  solu- 
tion is  fairly  stable,  and  can  be  evaporated  on  the  water-bath  without 
material  decomposition.  With  hydrochloric  acid  it  forms  a complex 
hydrochloroindic  acid,  H3InCl6,  which  is  known  in  the  form  of  its  good 
crystallising  alkali  salts. 

From  feebly  acid  solutions,  sulphuretted  hydrogen  precipitates 
yellow  indium  sulphide,  which  is  soluble  in  strong  acids. 

From  the  solutions  of  indium  chloride,  bases  precipitate  the  white 
hydroxide,  In(OH)3,  which  looks  like  alumina,  and  on  ignition  leaves 
a greenish-yellow  residue.  The  hydroxide  is  not  soluble  in  excess  of 
ammonia,  but  is  so  in  excess  of  alkalis.  On  boiling  the  solution 
hydroxide  is  again  precipitated ; the  reason  of  these  phenomena  has 
already  been  explained  (p.  546). 

Regarding  the  salts  there  is  not  much  to  say ; the  sulphate  forms 
a regular  alum  with  potassium  or  ammonium  suphate. 

The  “ basic  indium  sulphite,”  of  the  composition  In2(S03)3  + ln203  + 
8H20,  is  of  importance  in  analysis.  It  is  deposited  as  a"  very 
difficultly  soluble  precipitate  when  the  solution  of  an  indium  salt  is 
boiled  with  acid  sodium  sulphite.  We  are  probably  dealing  here 
with  a complex  compound  ; nothing  is  known,  however,  regarding  its 
constitution. 


CHAPTER  XLI 


TIN  AND  ITS  CONGENERS 

General. — Just  as  in  bismuth  we  met  with  a metal  of  pronounced  l 
metallic  character  connected  by  a regular  transition  with  the  decidedly 
non-metallic  elements  nitrogen  and  phosphorus,  so  we  have  in  tin  a 
metal  whose  extreme  congeners  are  to  be  found  in  silicon  and  carbon. 

In  this  case  also  the  intermediate  members  exist  by  which  the  union  i 
between  such  different  end-members  is  effected. 

Tin  is  a white  metal  which  has  been  known  from  olden  times ; it : , 
has  a low  melting  point  (235°),  and  is  very  stable  towards  air  and  . 
water  at  the  ordinary  temperature.  It  is  not  found  in  the  free  state 
on  the  earth’s  surface,  but  only  as  the  oxide;  it  can,  however,  be  so  * 
easily  reduced  with  charcoal  that  the  early  knoAvledge  of  it  is  readily 

explicable.  _ ; 

Metallic  tin  has  the  density  7 ‘3,  and  solidifies  in  a crystalline 
condition  on  cooling.  This  character  quickly  disappears  when  the 
metal  is  rolled,  and  tin  can  be  beaten  out  to  thin  leaves ; this  is  • 
greatly  used,  under  the  name  of  tinfoil , for  preventing  the  volatilisa- 
tion of  volatile  substances  and  protecting  substances,  which  are  acted  i 
on  by  the  air,  from  oxygen.  The  metallic  surface  keeps  very  well  so 
long  as  the  temperature  is  not  raised ; the  simultaneous  action  of  aii 
and  water  has  also  very  little  influence  on  the  metal,  so  that  vessels  t 
made  of  tin  (or  coated  with  tin)  are  greatly  used  in  the  household,  in  . 
drug  stores,  and  in  the  laboratory.  In  the  preparation  of  distilled  1 
water  in  the  laboratory,  more  especially,  the  water  vapour  is  condensed  i 
in  tin  spirals,  since  water  does  not  dissolve  an  appreciable  quantity  of  i 

this  metal.  , 

Besides  the  ordinary  white  tin,  a grey  form  is  also  known,  which  i 
has  a much  smaller  density  (5 -8),  and  which,  under  certain  conditions, 
is  formed  from  white  tin.  It  has  been  found  that  we  are  here  dealing  ; 
with  an  enantiotropic  form,  which  is  stable  at  lower  temperatures, 
while  white  tin  is  stable  at  higher  temperatures.  The  transition 
temperature  is  20°.  In  spite  of  the  fact,  therefore,  that  at  medium  i 
temperatures  ordinary  white  tin  is  in  the  metastable  region,  t e . 
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formation  of  grey  tin  rarely  occurs,  since  in  the  neighbourhood  of 
the  point  of  transition  the  velocity  of  transformation  is  very  small. 
On  lowering  the  temperature,  this  velocity  first  increases  and  then 
decreases.  The  increase  is  due  to  the  fact  that  in  general  transforma- 
tion takes  place  all  the  more  quickly  the  further  the  substance  is 
removed  from  the  point  of  equilibrium.  On  the  other  hand,  the 
general  diminution  of  the  reaction  velocity  by  lowering  of  tempera- 
ture comes  into  play,  and  the  result  is  that  on  continuously  lowering 
the  temperature  the  velocity  of  transformation  first  increases  and  then 
decreases.  In  the  case  of  tin  the  temperature  of  greatest  velocity  is 
about  - 48l  ; the  formation  of  grey  tin  has,  therefore,  been  observed 
chiefly  in  great  cold. 

At  a moderately  high  temperature  tin  oxidises  fairly  quickly  and 
passes  into  its  dioxide.  It  is  only  slightly  attacked  by  dilute  acids, 
i Concentrated  hydrochloric  acid  dissolves  it  with  evolution  of  hydrogen, 
nitric  acid  oxidises  it  to  insoluble  dioxide.  In  the  potential  series  it 
stands  between  cadmium  and  lead. 

Tin  forms  two  series  of  compounds,  in  which  it  is  respectively 
divalent  and  tetravalent;  the  former  are  called  stannous,  the  latter 
stannic  compounds.  In  the  divalent  series  it  forms  a divalent 
distannion,  Sn  ; the  oxide  of  the  second  series  is  an  acid  anhydride. 

Distannion.  Salts  of  distannion  can  be  obtained  only  with 
difficulty  by  dissolving  tin  in  dilute  acids.  The  most  easily  formed 
is  the  chlonde,  SnGl^,  which  is  almost  the  only  fairly  well-known 
■ stannous  salt.  Distannion  is  colourless,  and  has  a poisonous  action. 

Fiom  solutions  of  the  stannous  salts  soluble  bases  precipitate  white 
.stannous  hydi oxide,  which  readily  dissolves  in  an  excess  of  caustic 
potash  or  soda,  but  is  insoluble  in  ammonia.  On  being  heated  the 
.alkaline  solution  deposits  metallic  tin,  a salt  of  stannic  acid,  belonging 
to  the  tetravalent  type,  being  formed.  The  reaction  corresponds 
exactly  with  the  transformation  of  monocuprion  into  dicuprion  and 
metallic  copper  (p.  640).  In  other  respects  also  the  solution  is 
unstable;  on  keeping  it  at  room  temperature  black  stannous  oxide, 
■SnO,  the  anhydride  of  stannous  hydroxide,  is  deposited.  The  latter 
•is  much  less  soluble  than  the  hydroxide,  and  the  hydrolysis  which  the 
alkaline  solution  experiences  is  sufficient  to  cause  the  separation,  not 
indeed  of  the  soluble  hydroxide,  but  of  the  oxide.  The  case  is 
exactly  similar  to  that  of  beryllium  oxide  (p.  546). 

— The  stannous  salts  readily  pass  into  stannic  compounds,  and  are 
^therefore  strong  reducing  agents.  They  precipitate  the  noble  metals 
rom  their  solutions ; mercuric  chloride  is  first  reduced  to  mercurous 
wffilonde,  forming  a white  precipitate,  and  then  to  a grey  powder  of 
| metallic  mercury.  This  very  sensitive  reaction  is  employed  for  the 
f ietecfcion  both  of  mercury  and  of  the  stannous  salts.  The  oxygen  of 
me  air  is  also  quickly  absorbed.  Solutions  of  stannous  salts  quickly 
become  turbid  in  the  air,  difficultly  soluble  oxidation  products  being 
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deposited.  Oxidation  is  avoided  as  far  as  possible  by  introducing  a j 
little  metallic  tin  into  the  acid  solution,  whereby  any  stannic  compound  : 
which  is  formed  is  again  reduced. 

Stannous  chloride  crystallises  with  two  moles  of  water  of  crystal-  . 
lisation  in  readily  soluble  needles,  which  are  generally  superficially  t 
oxidised,  and  do  not  therefore  yield  a clear  solution.  This  chloride  j 
is  known  commercially  as  tin  salt , and  is  used  as  a mordant  in’-i 
dyeing  and  also  as  a reducing  agent  in  the  manufacture  of  organic.) 
compounds. 

Hydrochloric  acid  combines  with  stannous  chloride  to  form  hydro- 
chlorostannous  acid,  of  which  probably  several  exist,  the  chief  being ^ 


HSnCl3  and  H2SnCl4.  The  corresponding  alkali  salts  are  known; 


stable  than  stannous 


they  crystallise  well,  and  prove  to  be  more 
chloride. 

Stannous  bromide  is  very  similar  to  the  chloride.  Stannous  iodide  is  • 
a red  crystalline  substance  which  is  difficultly  soluble  in  water,  but.: 
which  dissolves  in  hydriodic  acid  and  soluble  iodides,  forming  with  9 
these  complex  salts  of  iodostannosion,  Snl4".  Water  decomposes  them, 
oxyiodicles  being  deposited  and  hydriodic  acid  passing  into  solution. 

In  the  solutions  of  the  stannous  salts  sulphuretted  hydrogen 


produces  a brown -black  precipitate  of  stannous  sulphide,  SnS,  vhich:l 


is  not  soluble  in  dilute  acids.  Strong  hydrochloric  acid  dissolves  it  \ 
with  evolution  of  sulphuretted  hydrogen. 

It  is  not  dissolved  by  alkali  sulphides  if  these  do  not  contain  an. 
excess  of  sulphur,  and  are  therefore  colourless ; it  dissolves,  however, 
in  alkali  polysulphides,  whereby  a simultaneous  change  into  the  stannic* 
series  occurs  and  a thiostannic  acid  is  formed.  This  is  seen  from  theij 
fact  that  acids  no  longer  precipitate  from  these  solutions  black-brown  j 
stannous  sulphides  but  yellow  stannic  sulphide. 

The  Stannic  Series.  — It  is  not  quite  certain  whether  in  the 
solutions  of  the  salts  of  the  stannic  series  the  presence  of  a tetravalent 
stannion  Sn‘"‘  in  any  considerable  quantity  has  to  be  assumed.- 
Stannic  hydroxide  behaves  chiefly  as  a very  weak  acid,  and  the; 
solutions  of  the  corresponding  halogen  compounds  undoubtedly  com 
tain  a considerable  portion  of  the  compound  in  the  undissociatedr 
state.  Since,  however,  stannic  hydroxide  also  dissolves  in  other- 
acids,  e.q.  sulphuric  acid,  one  may  assume  the  presence  of  cations: 
derived  from  Sn(OH)4,  although  the.  first  stages  of  the  electrolytic 
dissociation,  viz.,  the  cations  Sn(OH)3 , Sn(OH).2  , and  bn(0  ) , \ 

Pie(menattin  is  heated  in  a current  of  chlorine  it  combines  with 
the  latter  to  form  tin  tetrachloride  or  stannic  chloride,  SnC  4,  w ® 
distils  over  as  a colourless  liquid  of  density  2'2  and  boiling  pom 
120°  It  fumes  strongly  in  the  air  as  it  undergoes  decomposition 
with  water ; it  dissolves  in  water  with  considerable  evolution  of  heat>« 
forming  a clear  liquid.  This  still  contains,  especially  when  concen- 


XLI 


TIN  AND  ITS  CONGENERS 


723 


trated,  a portion  of  the  chloride  dissolved  unchanged,  for  on  boiling 
this  passes  over  with  the  steam.  The  greatest  part  is,  however, 
hydrolytically  dissociated,  and  the  dilute  solution  contains  essentially 
hydrochloric  acid  along  with  colloidally  dissolved  stannic  hydroxide. 
This  is  proved  by  the  fact  that  the  solution  exhibits  all  the  properties 
of  a correspondingly  dilute  solution  of  hydrochloric  acid,  and  also  by 
the  fact  that  in  course  of  time  the  greater  portion  of  the  tin  separates 
out  as  a white,  gelatinous  precipitate  of  stannic  hydroxide. 

When  small  quantities  of  water  are  allowed  to  combine  with 
stannic  chloride,  rise  of  temperature  being  avoided,  various  hydrates 
are  formed  •with  from  three  to  nine  moles  of  water  of  crystallisa- 
tion, the  first  of  which  is  the  most  stable.  They  are  crystalline 
substances  which  dissolve  in  water,  and  yield  solutions  which  exhibit 
the  same  properties  as  the  solution  of  the  tetrachloride  when  prepared 
directly. 

The  tetrachloride  combines  with  hydrochloric  acid  to  form  a 
hydrochlorostannic  acid,  H2SnCle,  which  can  also  be  obtained  in  the 
solid  state  with  6H20.  The  crystals  melt  as  low  as  28°.  The  acid 
forms  good  crystalline  alkali  salts,  which  are  also  formed  from  tin 
tetrachloride  and  the  respective  alkali  chlorides.  The  ammonium 
salt,  (NH4)2SnCl6,  crystallises  anhydrous,  and  is  used  as  a mordant  in 
dyeing  under  the  name  of  pink  salt. 

Stannic  hydroxide,  which  slowly  separates  out  from  the  aqueous 
solution  of  stannic  chloride,  is  immediately  obtained  by  saturating  the 
solution  with  a base.  A gelatinous  precipitate  of  Sn(OH)4  is  formed, 
which  dissolves  in  dilute  acids ; from  these  solutions  it  again  separates 
spontaneously  after  some  time.  We  are  probably  dealing  here  with  a 
colloidal  solution  which  undergoes  decomposition,  for  the  reason  that 
the  stannic  hydroxide  is  slowly  converted  into  another  less  soluble 
form.  The  same  transformation  also  occurs  in  the  original  hydro- 
chloric acid  solution,  for  the  hydroxide  precipitated  from  solutions  of 
different  ages  has  different  properties. 

The  precipitate  redissolves  in  excess  of  caustic  potash  or  soda,  a 
stannic  salt  or  stannate  being  formed.  The  solution  has  a strongly 
alkaline  reaction,  showing  that  the  salt  is  hydrolytically  dissociated. 
From  the  solution  in  caustic  potash  a salt,  K2Sn03,  can  be  obtained  in 
crystals ; in  this  case,  therefore,  the  stannic  acid  is  a dibasic  acid, 
comparable  with  carbonic  acid,  H2C03.  A number  of  other  salts  are 
also  known  containing  several  combining  weights  of  tin  to  two  of 
potassium,  and  are  therefore  salts  of  “ condensed  ” stannic  acid  ; they 
are,  however,  as  a rule  not  well  characterised,  and  are  unstable. 

Differing  from  this  stannic  acid  there  is  another  compound  of  like 
composition,  which  is  obtained  by  the  action  of  nitric  acid  on  metallic 
tin,  and  which  is  usually  called  metastannic  acid.  The  first  action  of 
nitric  acid  leads  to  the  formation  of  stannous  nitrate,  the  presence  of 
which  can  be  detected  when  dilute  cold  nitric  acid  is  employed.  The 
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nitric  acid  then  acts  as  an  oxidising  agent  on  the  distannion,  and  I 
stannic  nitrate  is  formed,  which  immediately  decomposes  into  stannic 
hydroxide  and  free  nitric  acid.  The  former  separates  out,  and  the 
separation  is  complete  when  the  liquid  is  evaporated  to  dryness.  I he 
hydroxide  thus  formed  has  essentially  different  properties  from  that 
obtained  from  the  tetrachloride.  It  is  insoluble  in  dilute  acids ; it  I 
dissolves,  however,  when  it  is  warmed  with  somewhat  stronger  acids, ' 
the  acid  poured  off  and  replaced  by  water,  although  it  does  not 
dissolve  in  the  acids  themselves.  This  is  due  to  the  fact  that  it  takes  » 
up  acid  and  forms  salts  which,  although  not  soluble  in  the  excess  of  acid, 
dissolve  in  the  pure  water.  It  is  quickly  deposited  again  from  these  < 
solutions,  especially  on  the  addition  of  sulphuric  acid.  Metastannic  < 
acid  dissolves  in  alkalis  like  ordinary  stannic  acid  ; from  the  solution, 
acids  again  precipitate  metastannic  acid.  If,  however,  the  salt  is  t 
fused  with  excess  of  caustic  potash,  other  acids  precipitate  ordinary  | 
stannic  acid. 

The  relation  of  the  two  stannic  acids  to  one  another  has  not  yet 
been  explained.  It  is  probable  that  there  are  several  intermediate  t 
members  between  the  two  forms,  and  that  the  metastannic  acid  is 
the  final  and  most  stable  form.  This  is  rendered  probable  from  the  > 
fact  that  ordinary  stannic  acid,  when  kept  for  a very  long,  time  . 
under  water,  is  converted  into  a substance  with  the  properties  of  . 

metastannic  acid.  jjj 

Stannic  Sulphide. — From  acid  solutions  of  stannic  salts,  sul- 
phuretted hydrogen  precipitates  yellow  stannic  sulphide , SnS2,  which  is  4 
not  soluble  in  dilute  acids  but  is  readily  soluble  in  alkali  sulphides. 
Salts  of  thiostannanion,  SnS./',  many  of  which  have  been  prepared  in  fll 
the  solid  state,  are  thereby  formed.  From  these,  acids  first  of  all 
liberate  thiostannic  acid,  which,  however,  is  just  as  little  stable  as  the 
other  metallic  thio-acids,  and  decomposes  into  sulphuretted  hydrogen 


and  tin  disulphide. 

Stannic  sulphide  can  also  be  obtained  in  the  dry  way  by  heating  - 
tin  and  sulphur  (best  with  addition  of  ammonium  chloride),  a crystal- 
line  product  with  a gold  lustre  being  thereby  formed,  consisting  of 
small  scales.  On  account  of  its  gold-like  appearance,  it  is  called  mosaic 

1 ^Alloys  of  Tin. — Tin  can  be  fused  in  all  proportions  with  most  of 
the  other  metals,  and  yields  alloys,  many  of  which  are  applied  in  the 
arts  With  lead  it  yields  a white  alloy  which  fuses  more  easily 
than  its  components  ; it  is  used  as  a soft  solder  for  uniting  other  metals.  ■ 

With  copper,  tin  forms  alloys  which  have  more  the  character  o 
chemical  compounds,  since  their  properties  deviate  from  those  of  the  < 
components.  According  to  the  amount  of  the  tin,  there  are  obtained 
bronze  for  statues  and  guns,  bell-metal,  and  specular  metal.  Britannia 
metal  (p.  705)  consists  of  tin  with  -j^th  part  of  antimony. 

Tin  is  very  largely  employed  for  the  purpose  of  coating  other 
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metals.  Copper  utensils  used  for  cooking  purposes  are  tinned  in  order 
to  prevent  poisonous  copper  compounds  getting  into  the  food. 
Further,  sheet-iron  on  being  tinned  is  covered  with  a white  layer  of 
almost  silver  lustre,  which  prevents  the  iron  from  rusting  and  allows 
of  it  being  easily  united  by  means  of  soft  solder  (vide  supra).  Tin-plate 
made  in  this  way  has  an  extremely  wide  application ; the  manufacture 
of  air-tight  vessels  for  preserving  provisions  (conserve  tins)  need  only 
bo  recalled.  Iron  vessels  which  have  been  tinned  in  the  piece  are 
more  durable  than  articles  made  of  tin-plate ; in  these,  unprotected 
sjjots  produced  in  the  process  of  manufacture  are  present,  and  at 
these  the  tin-plate  rusts  through  on  contact  with  water. 

Finally,  the  use  of  tin  for  coating  glass  mirrors  may  be  mentioned. 
For  this  purpose  a piece  of  tinfoil  of  sufficient  size  is  amalgamated, 
i.e,  is  coated  with  mercury,  and  on  it  is  placed  a well-cleaned  glass 
plate.  By  placing  the  plate  upright,  the  excess  of  mercury  is  allowed 
to  run  off,  and  a crystalline  amalgam  is  gradually  formed  which  lies 
close  to  the  glass  of  the  mirror.  At  the  present  day  the  tin-mercury 
mirrors  have  been  almost  entirely  superseded  by  the  silvered  ones  : 
on  account  of  the  much  smaller  thickness  of  the  silvei’  layer  such 
mirrors  can  be  made  more  cheaply  than  the  mercury  ones ; the  manu- 
facture of  the  latter,  moreover,  is  not  free  from  objection,  on  account 
of  the  poisonous  nature  of  the  mercury. 

Titanium,  Germanium,  Zirconium,  and  Thorium.— These 
elements  are  directly  allied  to  tin.  With  the  exception  of  the  first- 
named,  they  occur  only  sparingly  in  the  earth’s  crust.  In  respect  of 
their  properties  they  occupy  a position  between  silicon  and  tin  in 
such  a manner  that  with  increasing  combining  weight  the  metallic 
character  becomes  more  and  more  developed.  They  are  distinguished 
by  the  foi'mation  of  readily  volatile  tetrachlorides,  the  boiling  point  of 
which,  however,  rapidly  rises  with  increasing  combining  weight,  and 
their  most  important  compounds  correspond  to  the  tetravalent  type. 

1 This  is  the  chief  leason  for  classing  them  'with  tin.  No  such  reasons 
would  be  furnished  by  the  sulphur  compounds,  because,  with  the 
exception  of  that  of  germanium,  these  are  so  unstable  that  they  cannot 
be  prepared  in  aqueous  solution. 

The  similarity  of  the  above-named  elements  to  silicon  is  seen  in 
their  power  of  forming  with  fluorine  a complex  anion  of  the  type 

'MF6",  the  salts  of  which  are  mostly  difficultly  soluble  and  crystallise 
well. 

I Titanium. — Compounds  of  titanium  occur,  it  is  true,  very  widely 

distributed  in  nature,  but  they  are  nowhere  found  in  large  quantities, 
and  they  therefore  escape  direct  observation.  The  occurrence  of  the 
a element  is  in  the  form  of  titanium  dioxide,  Ti02,  or  its  salts. 

Titanium  dioxide  furnishes  an  excellent  example  of  polymorphism 
for  it  occurs  naturally  in  three  different  forms,  having  different 
r crystalline  shape,  different  density,  etc.  The  most  frequently  occurring 
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is  rutile,  which  crystallises  in  the  quadratic  system  isomorphous  with 
tinstone.  Anatase  is  also  quadratic,  but  has  quite  different  properties, 
and  the  third  rhombic  form  is  called  brookitc. 

Titanium  dioxide  is,  like  silicon  dioxide,  the  anhydride  of  a very 
weak  acid  ; the  alkali  salts  of  the  latter  are  obtained  by  fusing  the 
dioxide  with  the  hydroxides  or  carbonates  of  the  alkalis.  These 
salts,  e.g.  potassium  titanate,  K2Ti03,  are  decomposed  by  water,  diffi- 
cultly soluble  acid  titanate  being  deposited  and  free  alkali  passing 
into  solution. 

On  the  other  hand,  titanium  dioxide  exhibits  feebly  basic  pro- 
perties, for  the  above  precipitate  dissolves  in  acids  to  a clear  liquid. 

A like  solution  is  also  obtained  by  dissolving  the  corresponding 
titanium  tetrachloride  (vide  infra)  in  water.  Apparently,  however,  the 
solution  is  of  a colloidal  nature,  for  on  being  heated  for  some  time, 
especially  in  sulphuric  acid  solution  (or  in  hydrochloric  acid  solution 
with  addition  of  sodium  sulphate),  titanic  acid  separates  out  as  a 
precipitate  which  is  now  no  longer  soluble  in  acids.  This  process  is 
employed  for  the  separation  of  titanic  acid  from  its  compounds  after 
these  have  been  rendered  soluble  by  fusion  with  acid  potassium 
sulphate.  Titanic  acid,  therefore,  behaves  similarly  to  stannic  acid, 
and  the  corresponding  two  modifications  have  also  been  obser\  ed  in 
its  case.  In  the  latter  case  as  in  the  former,  however,  we  are 
probably  dealing  with  the  end- members  of  a continuous  series  of 

varying  states.  . . 

By  heating  'titanium  dioxide  with  charcoal  in  a current  of  chlorine, 

titanium  tetrachloride,  TiCl4,  is  obtained  as  a liquid  boding  at  13oc, 
which  fumes  strongly  in  the  air  and  dissolves  m water  with  great 
rise  of  temperature,  forming  a clear  liquid.  By  neutralising  this 
liquid,  a precipitate  of  titanic  acid  soluble  in  acids  (vide  supra)  is 

obtained.  . „ , . . . ...  . 

While  there  are  no  signs  of  the  formation  of  a hydrochlorotitamc 

acid,  a fluotitananion,  TiF0",  is  known.  It  is  very  readily  formed  by 
the  action  of  hydrofluoric  acid  on  titanic  acid.  The  free  acid  may  be 
assumed  in  the  solutions  thus  formed;  it  is  not  known  in  the  pure 
state.  Of  its  salts,  the  potassium  salt,  K.2TiF6 . H.20,  is  best  known ; 
it  is  a salt  which  is  rather  difficultly  soluble  in  water  (9  parts  in 
100  parts  water  at  room  temperature),  and  can  be  easily  obtained 
in  large  crystals  by  dissolving  titanic  acid  in  hydrofluoric  acid  an 
adding  a potassium  salt.  In  these  compounds,  the  similarity  to  silicon 

is  especially  well  seen  (p.  464).  . , ■ . 

Besides  the  tetravalent  stage  of  titanium  there  also  exist  a 

divalent,  a trivalent,  and  a hexavalent  stage,  but  these  ' "f.  A 
ordinate  importance.  By  beating  the  vapour  of  the  tetracH«d 
with  hydrogen,  the  trichloride  is  obtained  in  the  form  of  violet  es, 
which  dissolve  in  water,  yielding  a violet  liquid  whrch  readily  ox  l.sca 
in  the  air  and  deposits  titanic  acid.  These  volet  solutions  can  also  be 
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i,  obtained  from  the  acid  solutions  of  titanic  acid  by  reduction  with  zinc 
or  sodium  amalgam.  With  hydrofluoric  acid  and  soluble  fluorides, 
i gaits  of  a trivalent  anion,  TiFfl",  are  formed,  which  are  also  of  violet 
!•  colour. 

If  titanium  trichloride  is  heated  alone,  it  decomposes  into  tctra- 
i chloride,  which  escapes,  and  difficultly  'volatile  dichloride,  which 
{ collects  in  the  colder  parts  of  the  apparatus  as  a black  crystalline  mass, 
jj  volatile  at  a red-heat.  The  compound  reacts  violently  with  water, 
>■  and  yields  a yellow-brown  solution  which  oxidises  in  the  air.  Com- 
pounds of  this  series  are  also  obtained  by  the  very  energetic  reduction 
] of  the  acid  titanic  solutions  with  sodium  amalgam. 

Finalty,  there  is  a still  higher  stage  of  oxidation  of  titanium  which 
is  obtained  when  hydrogen  peroxide  is  added  to  a solution  of  titanic 
i};  acid  in  concentrated  sulphuric  acid.  The  liquid  immediately  becomes 
. : deep  yellow  in  colour,  and  the  reaction  is  visible  with  such  small 
cji  quantities  that  it  is  employed  as  one  of  the  best  methods  of  detecting 
hydrogen  peroxide.  By  neutralising  the  sulphuric  acid,  a yellow, 
solid  substance  of  the  composition  Ti03  can  be  separated. 

Titanium  Nitride. — Titanium  exhibits  a special  tendency  to 
» combine  with  nitrogen.  It  unites  so  readily  with  the  latter  at 
gji  moderately  high  temperatures  that  most  of  the  preparations  wffiich 
* were  formerly  regarded  as  metallic  titanium  consisted  chiefly  of 
b!  titanium  nitride.  A substance  with  a metallic  lustre,  which  is  fre- 
n:  quently  found  in  blast  furnaces  and  was  formerly  regarded  as  metallic 
d:  titanium,  has  been  recognised  as  titanium  cyanide,  Ti10C.,Ns.  If 
c potassium  fluorotitanate  is  reduced  with  sodium  or  potassium,  the 
i;  j titanium  formed  at  once  combines  with  the  nitrogen  of  the  air.  Of 
i these  nitrogen  compounds,  which  are  most  easily  obtained  by  heating 
jif  titanic  chloride  with  ammonia  in  a red-hot  tube,  two  are  known 
i corresponding  to  the  formula  Ti3N4  and  TiN2.  These  are  crystalline 
.'-substances  with  a metallic  lustre,  which  evolve  ammonia  copiously  on 
i t being  fused  with  caustic  potash  or  soda,  passing  thereby  into  titanates. 

The  combining  weight  of  titanium  is  Ti  = 48  T. 

Germanium  is  an  element  of  extremely  rare  occurrence.  It  can 
’■  be  reduced  from  its  oxygen  compounds  by  ignition  with  charcoal,  and 
f is  thus  obtained  as  a very  brittle  metal  which  fuses  at  about  900° 

I r and  has  the  density  of  5 '5  ; it  is  insoluble  in  dilute  acids,  is  dissolved 
} by  aqua  regia,  and  is  converted  into  the  dioxide  by  nitric  acid.  It 
' forms  a divalent  and  tetra valent  series  of  compounds;  the  tetra valent 
j is  the  more  stable. 

Germanium  dioxide,  Ge02,  is  formed  by  heating  the  metal  in  air, 
iand  is  a white  powder  which,  with  water,  first  forms  a milky  fluid  and 
then  passes  into  solution.  It  dissolves  in  alkalis,  forming  salts  of 
;germanic  acid,  and  is  also  soluble  in  acids ; it  behaves,  therefore,  like 
tin  dioxide.  These  salt-like  compounds  are  not  well  characterised. 

With  chlorine,  germanium  forms  a tetrachloride,  GeCl4,  which  is  a 
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colourless  liquid  fuming  in  moist  air ; it  boils  as  low  as  86'J,  and  dis- 
solves in  water  with  rise  of  temperature.  The  compound  GeHCL 
“germanium  chloroform”  (cf.  p.  400),  is  formed  by  the  action  of  | 
hydrogen  chloride  on  metallic  germanium ; it  is  very  similar  to  the 
tetrachloride,  and  boils  at  72°. 

Germanium  fluoride  is  not  known ; a hydrofluogermanic  acid,  , | 
H„GeF(i,  however,  exists,  which  has  a similar  composition  to  hydro- 
fluosilicic  acid,  and  forms  well -crystallised  salts,  most  of  which  are 
difficultly  soluble  in  water. 

Germanium  sulphide,  GeS.2,  is  a white  powder  which  very  readily  , | 
passes  into  the  colloidal  condition,  and  can  therefore  be  precipitated 
only  by  a large  excess  of  acids.  It  is  formed  when  salts  of  thiogerman- 
anion,  GeS3",  produced  by  the  addition  of  soluble  sulphides  to  solu- 
tions containing  germanium,  are  decomposed  by  excess  of  acid.  It  is  * 
somewhat  soluble  in  water,  and  gives  coloured  precipitates  with 
metallic  salts.  The  mineral  argyroclite  is  a silver  salt  of  thiogermanic 
acid,  and  in  it  germanium  was  first  discovered  by  Winkler  in  1886. 

Of  the  compounds  belonging  to  the  divalent  series,  germanous  ■ 
sulphide  is  the  best  known ; it  is  obtained  by  the  careful  reduction 
of  germanic  sulphide,  and  forms  grey-black  clusters  with  a metallic 
lustre.  From  aqueous  solutions  it  is  deposited  as  a red-brown  pre- 
cipitate insoluble  in  excess  of  acids.  Towards  alkali  sulphides  it  1 
behaves  like  stannous  sulphide.  It  is  slightly  soluble  in  water. 

Zirconium,  has  received  its  name  from  the  mineral  zircon,  a 
silicate  of  zirconia ; the  latter  was  recognised  as  a distinct  earth  by 
Klaproth  in  1789.  Metallic  zirconium  is  obtained  by  heating  the 
potassium  fluoro- compound  with  aluminium  or  sodium;  with  the 
former,  under  suitable  conditions  (high  temperature),  a very  difficultly 
fusible  crystalline  zirconium  is  obtained  in  bright  grey  laminae ; with 
the  latter,  a black  powder  of  amorphous  zirconium,  which  readily 
passes  into  colloidal  suspension,  is  obtained.  The  crystalline  form  is  • 
very  resistant  to  chemical  attack,  and  passes  into  combination  only  at 
high  temperatures.  The  combining  weight  is  Zr  = 90-7. 

Zirconium  forms  only  one  series  of  compounds,  belonging  to  the 
tetravalent  type.  The  hydroxide  has  essentially  a basic  character, 
since  it  does  not  dissolve  in  alkalis ; its  properties  are,  however,  those 
of  a very  feeble  base.  It  is  obtained  by  bringing  zirconium  into 
solution  by  fusion  with  acid  sodium  sulphate  and  precipitating  the 
zirconia  with  ammonia.  After  drying,  the  precipitate  has  the  com- 
position ZrO(OH)2,  and  is  slightly  soluble  in  water  ; the  solution  reacts  - 
alkaline.  Even  on  standing  under  the  liquid  in  the  heat  it  passes 
into  a difficultly  soluble  form ; on  heating  the  dried  substance,  it 
suddenly  becomes  incandescent,  the  anhydride  being  formed ; the,l 
latter  is  not  soluble  in  dilute  acids,  and  can  be  brought  into  solution  i 
only  by  long  heating  with  concentrated  sulphuric  acid. 

The  normal  zirconium  salts  are  derived  from  the  tetra\  alent 
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hydroxide  Zr(OH)4;  of  these  the  sulphate  Zr(S04).2  is  the  best  known. 
It  is  obtained  as  a readily  soluble,  crystalline  mass  containing  4H.,0, 
which  on  being  heated  loses  water  and  swells  up  like  alum.  The  hot 
solution  of  the  sulphate  dissolves  a further  quantity  of  the  hydroxide 
, and  forms  basic  salts ; acid  salts  are  also  known. 

The  naturally  occurring  mineral  zircon  is  the  normal  silicate, 

: ZrSi04.  The  red-coloured  varieties  are  called  jacinth,  and  are  used  as 
i . gems. 

On  heating  a mixture  of  zirconium  dioxide  and  charcoal  in  a 
ii  current  of  chlorine,  zirconium  tetrachloride,  ZrCl4,  is  formed  as  a 
white,  fairly  readily  volatile  mass. 

The  corresponding  zirconium  tetrafluoride  is  a white,  much  more 
i difficultly  volatile  substance,  which  forms  hydrofluorozirconic  acid, 
; H2ZrF6,  with  hydrofluoric  acid ; the  salts  of  the  latter  are  difficultly 
J • soluble,  and  mostly  crystallise  well.  Besides  the  salts  of  this  type, 
others  have  been  prepared  Avhich  can  be  regarded  as  double  salts  with 
e the  alkali  fluorides. 

A zirconium  sulphide  cannot  be  prepared  in  the  wet  way ; it  can 

> be  obtained  from  the  elements  by  heating. 

Thorium.— This  element  forms  the  last  member  of  the  tin  group, 
b and  has,  at  the  same  time,  one  of  the  highest  combining  weights.  It 
was  discovered  by  Berzelius  in  1828  after  he  had  previously,  and 

> erroneously,  regarded  yttrium  phosphate  as  a new  earth,  and  had  called 
it  thoria.  Its  combining  weight  is  Th  = 232'5. 

Like  zirconium,  thorium  chiefly  occurs  as  the  silicate,  thorite,  and 
:>  i also  as  a constituent  of  various  rare  minerals.  While  for  a long  time 
I it  was  regarded  merely  as  a chemical  rarity,  it  has  attained  in  x’ecent 

3 times  to  a position  of  great  technical  importance,  since  the  luminous 
mass  of  the  incandescent  light,  the  incandescent  “mantle,”  consists 
3 essentially  of  thoria. 

Metallic  thorium  is  obtained  from  potassium  fluorothorate  by  re- 
D duction  with  potassium.  It  is  a grey  powder  with  a metallic  lustre, 

1 which  has  hitherto  never  been  fused,  and  which  burns  in  oxygen  at 
moderately  high  temperatures  with  a brilliant  light. 

In  its  compounds,  thorium  appears  as  tetravalent ; its  hydroxide, 

■ although  no  strong  base,  still  exhibits  the  basic  properties  developed 
| to  a higher  degree  than  in  the  case  of  the  allied  substances  of  lower 
I combining  weight.  It  is  precipitated  from  its  salts  by  ammonia  or 
■J  alkalis,  and  is  not  soluble  in  excess  of  the  precipitant.  Similarly  to 
the  other  dioxides  of  this  group^it  occurs  in  several  forms  possessing 
■ (different  degrees  of  stability ; while  the  freshly  prepared,  white, 
rf. gelatinous  hydroxide  readily  dissolves  in  acids,  a difficultly  soluble 
modification  is  formed  on  heating.  On  ignition,  the  hydroxide  passes 
hinto  the  dioxide,  Th02,  which  is  a white,  light  powder.  This  oxide  is 
; not  soluble  in  acids  except  in  hot,  concentrated  sulphuric  acid.  The 
oxide  obtained  by  heating  the  oxalate,  on  being  evaporated  with  nitric 
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acid  or  hydrochoric  acid,  gives  a residue  which  does  not  dissolve  in  I 
dilute  acid  but  is  soluble  in  water  ; the  solution  is  of  a colloidal  char-  ;j 
acter.  This  behaviour  recalls  that  of  stannic  acid  (p.  724). 

Of  the  salts,  the  sulphate  and  the  nitrate  are  the  best  known.  1 j 
Thorium  sulphate,  Th(SO,t).„  crystallises  according  to  the  temperature 
with  varying  amounts  of  water.  These  different  forms  change  com- 1 jj 
paratively  slowly  into  one  another,  so  that  it  is  easy  to  prepare  solu- 
tions of  one  of  these  forms  which  are  greatly  supersaturated  for  the  ■ 
other  forms.  To  this  is  due  a peculiar  behaviour  of  the  sulphate, 
which  is  made  use  of  for  the  purification  of  the  thorium  compounds. 
The  anhydrous  sulphate,  prepared  by  heating,  is  dissolved  in  ice-cold 
water.  A solution  is  thus  produced  which  is  saturated  in  respect  of 
the  anhydrous  salt,  but  greatly  supersaturated  in  respect  of  a hydrated 
salt  with  4H00.  Since,  also,  the  solubility  of  this  latter  salt  decreases  s 
greatly  with  rising  temperature,  a solution  prepared  in  the  cold  with 
the  anhydrous  salt  will  become,  on  heating,  more  and  more  super- 
saturated in  respect  of  the  salt  with  4H20,  and  the  spontaneous  s 
separation  of  this  hydrate  therefore  soon  occurs.  On  heating  the  . 
salt  which  is  deposited  until  it  has  lost  its  water  of  crystallisation  it 
again  becomes  readily  soluble  in  cold  water,  and  behaves  as  above 
described.  ’ 

Thorium  nitrate,  Th(N03)4. 6H20,  is  a very  readily  soluble  salt, 
which  is  obtained  by  dissolving  freshly  precipitated  thoria  in  nitric 
acid.  It  is  used  for  the  preparation  of  incandescent  mantles,  a cotton 
web  being  moistened  with  this  salt,  dried,  and  heated.  The  texture 
burns  and  the  thoria  remains  as  a Avhite,  coherent  frame-work.  By  i 
ignition  in  a Bunsen  flame  produced  under  pressure,  whereby  the 
material  appreciably  contracts,  the  mantles  are  made  ready  for  use. 

The  mantles  are  rendered  luminous  by  being  strongly  heated  in  a * 
specially  constructed  Bunsen  flame.  It  is  a remarkable  fact  that  pure  I 
thoria  gives  only  a poorly  luminous  mantle ; in  order  that  it  may  | 
become  powerfully  luminous  small  quantities  of  certain  other  substances  ? 
must  be  added.  For  this  purpose  the  addition  of  1 per  cent  of  cerium  H 
oxide  (p.  560)  has  been  found  to  be  best,  The  cause  of  this  influence  ^ 
has  not  yet  been  established  quite  free  from  doubt,  but  the  mostl 
probable  view  is  that  the  addition  effects  a catalytic  acceleration  of  the 
combustion  of  the  mixture  of  coal-gas  and  air  in  direct  contact  with  I 
the  skeleton  of  thoria,  whereby  a correspondingly  higher  temperature  a 


is  produced.  . . 

The  tendency  to  the  formation  of  complex  fluorine  salts  (cl.  p.  < - ) 
is  greatly  diminished  in  the  case  of  thorium;  thorium  fluoiide  is  a. 
precipitate  which  does  not  dissolve  in  excess  of  hydrofluoric  acu,  <tn 
does  not  therefore  exhibit  the  formation  of  a hydrofluothonc  acid, 
potassium  fluorothorate,  K2ThF(i.  4H.,0,  however,  is  knovn  as  auj 

almost  insoluble  crystalline  powder.  . , . 

A very  remarkable  property  of  the  thorium  '.compounds  is,  tna 
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influences  are  'emitted  by  them  which  penetrate  through  solid  sub- 
stances and  are  characterised  by  their  action  on  the  photographic 
plate  as  well  as  by  the  change  in  the  electrical  properties  of  the 
air.  We  shall  enter  into  these  points  in  greater  detail  when  we 
come  to  discuss  uranium,  which  exhibits  these  actions  in  a much 
higher  degree. 


CHAPTER  XLII 


URANIUM,  TUNGSTEN,  AND  MOLYBDENUM 

General. — These  three  elements  resemble  chromium  in  many  of  - 
their  properties,  so  that  they  might  have  been  treated  in  connection 
with  it.  On  account,  however,  of  their  forming  thio-acids  they  so 
undoubtedly  belong  to  the  present  class  of  metals  (chromium  forms  no  > 
sulphur  compound  at  all  in  aqueous  solution),  that  it  appears  appro- 
priate to  separate  them  from  chromium. 

The  elements  uranium,  tungsten,  and  molybdenum  are  characterised 
by  the  fact  that  their  most  stable  oxygen  compounds  have  the  com- 
position M03  and  are  the  anhydrides  of  acids.  In  accordance  with 
the  general  rule,  the  acid  properties  are  least  pronounced  in  the  case 
of  the  element  with  the  highest  combining  weight,  and  become  more 
pronounced  as  the  combining  weight  decreases. 

All  three  belong  to  the  less  frequent  elements,  although  they 
cannot  be  characterised  as  rare.  They  are  difficultly  fusible  metals, 
which  keep  well  in  the  air,  but  which  have  found  no  application  in  the 
pure  state. 

Of  all  the  known  elements,  uranium  has  the  highest  combining  . 
weight,  viz.  U = 23 9 ‘5. 

Uranium. — Uranium  was  discovered  by  Klaproth.  In  the  case 
of  metallic  uranium  the  same  thing  happened  as  in  the  case  of  vanadium, 
viz.,  the  copper-brown  coloured  dioxide  Avhich  is  readily  formed  by  the  • 
reduction  of  the  higher  oxygen  compounds,  was  mistaken  for  the  metal. 
The  true  uranium  was  subsequently  obtained  by  the  action  of  sodium 
on  the  chlorine  compound  ; it  is  a white,  difficultly  fusible  metal,  which 
dissolves  fairly  readily  in  dilute  acids,  and  in  the  potential  series  stands 

near  cadmium.  _ 

Uranium  forms  a whole  series  of  stages  of  combination  in  which  it  t 
is  trivalent  to  octavalent.  The  better  known  and  more  important  com- 
pounds are  those  of  the  tetravalent,  and  especially  of  the  hexai  alent  1 
type. 

By  oxidation  of  the  naturally  occurring  compounds  of  .uranium, 
salts  of  uranyl,  i.e.  of  the  divalent  cation  U02  , are  obtained.  The* 
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normal  hydroxide  of  hexavalent  uranium,  U(OH)0,  has  both  acid  and 
basic  properties.  The  latter  are  not  sufficiently  strongly  developed 
for  all  the  six  hydroxyls  to  be  replaceable  by  acid  residues ; two,  how- 
ever, can  be  replaced.  In  the  salts,  therefore,  there  exists  the  divalent 
cation  U(OH)4  ",  or  its  anhydride  UO„”,  uranyl,  which  forms  salts  like 
any  other  divalent  cation. 

* This  occurrence  of  an  “ oxygenated  metal  ” has  been  regarded 
as  something  remarkable  and  extraordinary,  but  it  is  readily  intelligible 
when  regarded  from  the  point  of  view  that  in  polyvalent  acids  and 
bases,  the  replacement  of  hydrion  or  hydroxidion  becomes  more  diffi- 
cult the  further  the  replacement  proceeds.  Just  as  in  aqueous  solution 
phosphoric  acid  behaves  chiefly  as  a dibasic  acid  and  forms  salts  of  the 
anion  P04H",  since  those  of  the  anion  P04w  suffer  too  great  hydrolysis 
to  be  present  in  any  considerable  quantity,  so  the  hydrolysis  of  the 
uranium  salts  corresponding  to  the  higher  cations  U(OH)3‘",  U(OH).,"", 
etc.,  is  too  great  for  these  salts  to  be  present  in  appreciable  amount. 
For  even  the  second  cation,  U(OH)4“,  is  so  greatly  hydrolysed  that  its 
salts  have  a distinctly  acid  reaction. 

Diuranylion,  U02",  is  of  a bright  yellow  colour  with  green  fluor- 
. escence,  and  in  the  spectroscope  exhibits  a number  of  definite  absorp- 
tion bands.  Of  the  salts,  the  nitrate  U02(N03)2. 6H20  is  the  best 
known ; it  forms  yellow  crystals  with  green  fluorescence,  which  are 
: readily  soluble  in  water  and  serve  as  the  starting-point  in  the  prepara- 
tion of  other  uranium  compounds. 

From  the  nitrate,  soluble  bases  precipitate  a yellow  substance 
which  consists  essentially  of  uranyl  hydroxide,  U02(0H)„  or  U(OH)e, 
but  also  always  contains  a quantity  of  the  base  in  the  form" of  a uranate 
or  salt  of  uranic  acid  (vide  infra).  By  evaporating  a solution  of  uranyl 
nitrate  in  alcohol  (in  which  the  alcohol  serves  to  destroy  the  nitranion) 
a yellow  powder  of  the  composition  U02(0H)2,  free  from  alkali,  is 
obtained.  With  other  methods  of  preparation  the  composition  is 
U(OH)6.  This  uranyl  hydroxide  dissolves  in  acids  and  forms  the 
corresponding,  often  complex,  uranyl  salts. 

Uranyl  has  a pronounced  tendency  to  form  complex  compounds ; 
these  are  formed  with  almost  all  organic  acids.  Of  these  the  oxalate, 
which  is  very  sensitive  to  light,  and  in  sunlight  evolves  gas  copiously, 
is  of  interest.  In  this  process  we  do  not  have  an  oxidation  of  the 
oxalic  acid  with  reduction  of  the  uranyl,  but  the  escaping  gas  is  a 

3 mixture  of  carbon  monoxide  and  carbon  dioxide,  and  a precipitate  of 
'uranyl  hydroxide  is  formed  at  the  same  time.  The  oxalic  acid  there- 
4 fore  undergoes  the  same  decomposition  as  by  heating  with  elimination 
of  water  (p.  410),  and  the  uranium  acts  catalytically.  The  uranyl 
;!  salts  of  other  organic  acids  exhibit  similar  decomposition  in  the  light. 

With  phosphoric  acid  uranyl  forms  a phosphate,  U02HP0  , in- 
; soluble  in  acetic  acid,  or,  in  the  presence  of  ammonium  salts,  the  com- 
•'  Pound  U02(NH4)P04.  This  precipitation  is  used  for  the  volumetric 
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determination  of  phosphoric  acid ; for  this  purpose,  ammonium  acetate  j 
and  acetic  acid  are  added  to  the  liquid  containing  phosphoric  acid,  ant  j 
uranyl  nitrate  solution  of  known  titre  is  then  run  in  until  a drop  o j 
the  solution  gives  a red  coloration  with  potassium  ferrocyanidcl  ' 
The  coloration  is  due  to  uranyl  ferrocyanide,  which  is  of  an  intense, 
brown-red  colour,  and  is  insoluble  in  dilute  acids. 

Uranyl  hydroxide  can  also  act  as  an  acid,  and  forms  salts  of  the . 
type  of  chromic  and  dichromic  acids.  The  former  are  obtained  a: . 
yellow-red,  crystalline  masses,  not  appreciably  soluble  in  water,  bui 
soluble  in  acids,  by  igniting  uranium  compounds  with  alkali  salts  ii  > 
the  air.  The  latter  are  precipitated  from  the  solutions  of  the  uranyl 
salts  by  the  addition  of  excess  of  alkali.  The  precipitates  are  noi 
soluble  in  excess  of  the  precipitant.  Of  these  compounds,  the  sodium 
salt,  Na9U,07. 6H20,  can  be  obtained  commercially  under  the  name 
uranium  yellow,  and  is  used  for  colouring  glass. 

Uranium  glass  is  of  a bright  yellow  colour  and  exhibits  a brilliant 
green  fluorescence ; it  is  therefore  employed  for  the  manufacture  o: 
wine-glasses  and  such  articles. 

By  means  of  reducing  agents,  e.g.  zinc  in  acid  solution,  the  urany 
salts  are  converted  into  the  salts  of  the  tetravalent  uranous  series:: 
The  solutions  thereby  become  of  a fine  green  colour,  which  is  the 
colour  of  tetrauranion,  U'".  The  best  known  of  these  salts  it  i 
the  sulphate,  which  is  obtained  in  dark  green  hydrated  crystals.:- 
U(S04)2.  4H.,0,  by  exposing  a mixture  of  uranyl  sulphate  noth  sul- 
phuric acid  and  alcohol  to  sunlight ; the  alcohol  effects  the  reduction 
of  the  uranyl  to  the  uranous  compound.  The  salt  is  isomorphou; 
with  thorium  sulphate  (p.  730).- 

From  the  solutions,  alkalis  give  a bright  green  precipitate  of 
uranous  hydroxide,  U(OH)4,  which  absorbs  oxygen  from  the  air,  there- 
by becoming  first  brown  and  then  yellow.  The  anhydride,  uranium 
dioxide,  is  obtained  by  igniting  uranium  compounds  in  a current  oi 
hydrogen  ; at  higher  temperatures  it  forms  a copper  red  mass  with  a 
metallic  lustre  (p.  732). 

The  naturally  occurring  pitchblende  consists  essentially  of  uranous 
uranate,  i.e.  the  emanate  of  tetravalent  uranium,  U(U04)2,  equal  tc 
U.  0 ,.  It  is  a black  mineral  which  is  the  source  from  which  the  other 
uranium  compounds  are  manufactured.  This  compound  is  also  formed 
when  any  oxide  of  uranium  is  heated  in  the  air. 

Chlorides  of  Uranium. — As  in  the  case  of  vanadium,  no  chloride 
is  known  corresponding  to  the  highest  stage  of  combination,  but  only 
a pentachloride,  which  is  obtained  along  with  the  tetrachloride  by 
igniting  uranium  oxide  with  charcoal  in  a current  of  chloiine.  e 
two  can  be  separated  by  means  of  their  different  volatility,  the  com- 
pound containing  most  chlorine  being  in  this  case,  as  always,  the  more 
volatile.  Uranium  pentachloride,  UC15,  is  a brown,  crystalline  su 
stance,  which  is  extremely  soluble  in  water,  and  readily  decompos 
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into  free  chlorine  and  tetrachloride.  The  latter  forms  dark-green 
crystals,  which  dissolve  in  water  to  form  a dark-green  solution;  regarding 
the  latter,  it  has  been  stated  that  it  is  not  of  itself  oxidised  by  the 
atmospheric  oxygen,  but  is  so  in  presence  of  iron  salts.  This  is  ap- 
parently another  case  of  catalytic  acceleration. 

From  the  tetrachloride,  a trichloride,  UC13,  can  be  obtained  by 
. reduction  with  hydrogen  ; this  is  a brown-red  mass  which  readily  dis- 
solves in  water,  but  with  the  latter  forthwith  evolves  hydrogen  and 
passes  into  a basic  salt  of  tetravalent  uranium.  The  fresh  solution 
gives  with  caustic  potash  a brown  precipitate  of  uranium  trihydroxide,, 
which  also  very  quickly  oxidises  with  evolution  of  hydrogen. 

Sulphur  Compounds. — Ammonium  sulphide  deposits  a brown 
precipitate  from  uranyl  salts  ; the  precipitate  is  uranyl  sulphide,  UO.,S, 
which  is,  however,  partially  decomposed.  For  from  the  sulphur  com- 
pound even  water  splits  off  sulphuretted  hydrogen,  which  partially 
>■  reduces  the  uranic  oxide  formed,  and  is  converted  into  sulphur. 

Uranium  Rays. — In  the  case  of  uranium,  a property  was  first 
observed  which,  however,  has  been  found  to  be  more  a property  of 
pitchblende  than  of  the  element  uranium  ; it  consists  in  the  following. 
If  any  uranium  compound  is  placed  on  a photographic  plate  covered 
■ with  black  paper,  the  plate  undergoes  a change  as  if  light  had  acted  on 
it  t.e.  it  can  be  developed  (p.  678).  This  action  takes  place  also 
: through  thin  plates  of  mica  or  of  glass,  but  not  through  thick  metal 
I P^tes. 

A fuithei  influence  emitted  by  uranium  and  its  compounds  is  that 
they  make  the  air  electrically  conductive.  In  a space  in  which  the  air 
has  been  subjected  to  this  influence,  an  otherwise  well  insulated  electro- 
meter loses  its  charge. 

Finally,  certain  phosphorescent  substances,  e.g.  barium  platino- 
cyanide  (vide  infra),  are  rendered  luminous  by  this  action.  For  this 
purpose,  however,  the  property  must  be  highly  developed,  and  this  is 
found  only  in  a few  cases. 


Since  all  these  influences  emanate  from  the  substances  under  such 
conditions  as  to  make  it  impossible  for  them  to  be  due  to  the  emission 
-of  ordinary  material  constituents  (such  as  vapour),  they  have  been 
iluesignated  as  a radiation,  and  one  speaks  therefore  of  uranium  rays 
r.1  his  is,  however,  only  an  imperfect  expression  of  the  case,  since  some 
important  properties  of  the  phenomena  of  radiation  are  wanting. 

I That  these  “ radiations  ” have  a chemical  connection  with  the 
■uranium  is  also  not  probable.  From  the  pitchblendes,  other  sub- 
instances  have  been  obtained  which  have  the  essential  properties  of  the 
barium  and  of  the  bismuth  compounds,  and  which  possess  the  new  pro- 
) rperty  m a very  high  degree.  But  here  also  the  property  is  present  in 
f .varying  intensity  that  the  impression  is  produced  that  the  carrier  of 

W1  wiktht  ?artICU!ar  substance  itself,  but  a substance  which  is  associ- 
ated with  it  in  varying  amounts,  and  which  has  not  yet  been  isolated 
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in  the  pure  state.  The  names  radium  and  polonium,  which  have  been 
given  to  these  substances,  cannot  therefore  as  yet  claim  to  denote 
definite  chemical  elements. 

The  above  influences  can  be  so  characterised  that  energy  is  emitted 
from  the  substances  named,  and  can  be  converted  at  suitable  points 
into  other  forms,  chemical  or  optical,  and  perhaps  also  electrical,  and 
which  in  its  course  is  able  to  pass  through  partitions  which  are  imper-H 
meable  for  substances  in  the  ordinary  sense.  The  apparent  inexhausti-  j 
bility  of  these  sources  of  energy  could  be  attributed  to  the  amounts  of  j 
energy  emitted  being  very  small,  so  that  an  appreciable  diminution  of  ; 
the  total  store  need  not  occur;  on  the  other  hand,  however,  indications 
of  such  diminution  have  indeed  been  observed  in  the  case  of  the  more  • 
active  preparations. 

Whether  in  these  processes  energy  is  alone  transmitted,  or  whether  - 
n migration  of  matter  accompanies  the  migration  of  energy,  can  also  as 
yet  not  be  decided.  So  much  only  is  certain  that  if  a migration  of 
ponderable  matter  does  occur,  it  concerns  much  smaller  quantities  s 
than  it  has  hitherto  been  customary  to  measure. 

Tungsten. — This  element  was  discovered  in  1781  by  Scheele. 
Metallic  tungsten  can  be  obtained  by  the  reduction  of  its  oxide  in  a , 
current  of  hydrogen  or  with  charcoal;  it  is  a grey,  very  difficultly  • 
fusible,  hard  metal,  the  density  of  which  is  16.  On  account  of  these « 
two  properties  it  would  be  very  suitable  for  cannon  balls  if  its  difficult: 
fusibility  did  not  act  as  a hindrance  to  its  manipulation.  It  finds, 
technical  application  as  an  addition  to  steel  (tungsten  steel). 

The  combining  weight  is  W=  184. 

Tungsten  forms  many  compounds  in  which  it  appears  as  divalent 
to  hexavalent.  The  lower  stages  have  basic  properties ; the  highest  • 
oxygen  compound  is  a pronounced  acid  anhydride.  Of  all  the  stages,  - 

it  is  the  most  stable.  _ J 

Tungsten  trioxide,  W03,  the  anhydride  of  tungstic  acid,  is  obtained  «s 
as  a yellow  powder  by  the  action  of  acids  on  its  salts,  some  of  which  I 
occur  naturally  ; it  is  very  slightly  soluble  in  water,  but  readily  dis-  - 
solves  in  alkalis.  According  to  the  temperature  of  precipitation,  there 
is  obtained  the  anhydride  (in  the  heat)  or  the  hydroxides  WO(OH)4 

and  W02(0H)9.  , , , *1 

By  dissolving  the  oxide  or  hydroxide  in  the  calculated  amount  ol 
caustic  potash  or  caustic  soda  solution,  and  evaporating  to  the  point 
of  crystallisation,  the  normal  tungstates  K2W04  and  Na,W04  are 
obtained  in  hydrated  crystals.  These  pass,  however,  with  extreme  * 
ease  into  salts  of  more  complex  composition,  the  tungstic  acid  forming  i 
condensed  acids,  which  partly  crystallise  out  with  the  normal  tung- . 

states  as  double  salts.  , 

Normal  tungstates  occur  in  nature,  and  constitute  the  ores  o 

tungsten  The  ferrous  compound,  FeW04,  is  called  wolfram;  t&efi 
calcium  compound,  CaW04,  scheelite  ; the  lead  salt,  scheeletme. 
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On  boiling  a solution  of  an  alkali  tungstate  with  excess  of  trioxide, 
large  quantities  of  the  latter  are  dissolved,  and  the  metatungstates, 
M2W4013,  are  formed  in  which  a very  stable  condensed  tungstanion, 
is  present,  the  reactions  of  which  differ  entirely  from  those 
I of  ordinary  tungstanion,  W04".  For  example,  the  dissolved  salts  are' 
. not  precipitated  by  acids.  By  the  action  of  sulphuric  acid  on  the 
fti  difficultly  soluble  barium  salt,  a solution  of  metatungstic  acid  can  be 
H obtained,  from  which  the  latter  can  be  obtained  in  yellow,  extremely 
| soluble  crystals,  by  evaporation. 

Different  from  metatungstic  acid,  there  is  the  so-called  colloidal 
! tungstic  acid,  which  is  obtained  by  dialysing  a solution  of  a normal 
u tungstate  slightly  acidified  with  hydrochloric  acid.  The  liquid  dries 
<].  up  to  a gummy  mass,  which  re-dissolves  in  water,  forming  a sticky 
I:  liquid , it  does  not  taste  acid,  and  is  not  precipitated  from  solution  by 
Sb  salts  or  other  substances,  as  happens  in  the  case  of  colloids.  The  solu- 
te tion  also  exhibits  an  appreciable  depression  of  the  freezing  point  which 
>4  leads  to  the  (doubtful)  formula  H2W3O10. 


if ! case  of  tungstic  acid,  depending  on  the  very  ready  and  often  occurring 
j|  formation  of  complex  acids  with  other  acids.  The  compounds  with 
$ ' silicic  acid  have  been  most  thoroughly  investigated  ; similar  compounds 
I 'with  phosphoric,  arsenic,  vanadic,  iodic,  boric,  and  other  acids  also 
I 'exist.  The  composition  is  that  of  the  above  acids  plus  a definite, 
-r  'generally  a larger  number  of  combining  weights  of  W03  ; in  the 
I .process,  the  basicity  of  the  other  acids  generally  remains  unchanged, 
but  the  complex  acids  produced  are  mostly  considerably  stronger  than 
I the  mother  substances.  A description  of  the  different  compounds 
u would  take  us  too  far. 

I On  treating  tungstates  with  zinc  in  acid  solution,  the  liquid 
t ^comes  dark  blue,  and  on  further  reduction  brown.  It  then  contains 
'the  tetra valent  ion  W" '.  From  this,  tungstic  acid  is  again  readily 
a formed  by  means  of  oxidising  agents. 

I . Yevy  varied  compounds  of  the  general  formula  Nam(WO„)n  are 
id  obtained  by  weak  reduction  of  sodium  tungstate  (by  fusion  with  tin)  • 
Bfchese  have  all  a fine  metallic  lustre,  have  rHAfiervanf.  nninnr.  ± ~ 


Besides  the  above,  other  diversities  have  also  been  observed  in  the 
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residue  of  tungsten  tetrachloride,  WC14,  us  a non-volatile,  grey-brown 
mass.  By  the  action  of  reducing  agents,  e.g.  of  hydrogen,  this  com- 
pound finally  passes  into  the  dichloride,  WC12,  which  has  a similar 
appearance. 

Besides  these  compounds,  the  oxychlorides,  viz.  WOCl4  and , 
W00C1.„  are  very  readily  formed  in  the  presence  of  oxygen  or  water. 
The  first  compound  forms  long,  dark  red  needles,  melting  at  210  and 
boiling  at  228°  ; the  second,  which  is  comparable  with  chromyl  I 
chloride,  appears  in  bright  yellow  laminae,  the  melting  point  of  which  i 
lies  above  the  temperature  of  sublimation  (about  270°).  On  distilla- 
tion it  readily  decomposes  into  the  preceding  compound  and  a residue 
of  tungsten  trioxide.  Both  undergo  violent  decomposition  with  water, 
forming  tungstic  acid  and  hydrogen  chloride. 

Sulphur  Compounds. — The  acid-forming  properties  of  tungsten 
are  exhibited  also  by  its  sulphur  compounds,  for  it  forms  thiotungstates  in 
which  the  oxygen  of  the  tungstates  is  gradually  replaced  by  sulphur.  . 
By  passing  sulphuretted  hydrogen  into  a solution  of  an  alkali  i 


tungstate,  the  corresponding  thiotungstate,  M2WS4,  is  obtained  only 


when  there  is  excess  of  alkali  hydrosulphide.  If  no  excess  is  present, 
on  dilution  with  water  the  sulphur  in  the  thio-acid  is  gradually  re- 
placed by  oxygen,  sulphuretted  hydrogen  being  evolved.  Thiotungst 
anion  is  yellow  in  colour ; by  replacing  the  sulphur  with  oxygen,  the 
colour  becomes  correspondingly  paler. 

On  adding  acids  to  the  thiotungstates,  tungsten  sulphide  is  pre-  i 
cipitated,  and  sulphuretted  hydrogen  is  evolved,  thiotungstic  acid,  which  lj 
is  primarily  formed,  decomposing  as  usual  into  these  components. 
Tungsten  trisulphide  is  thus  obtained  as  a brown,  amorphous  precipi- 
tate which  passes  into  colloidal  solution  in  water. 

From  tungsten  and  sulphur  at  a high  temperature,  a low  ei  sul-1 
phide,  WS2,  is  obtained  in  grey,  graphite-like  laminae,  which  are  very- 
stable 

Molybdenum. — The  chemical  individuality  of  molybdenum,  like  e, 
that  of  tungsten,  was  established  by  Scheele,  although  the  metal  was^j 

not  obtained  till  later.  . , : 

Molybdenum  resembles  the  related  elements  m respect  oi  tne<| 
variety  of  its  compounds,  for  its  valency  varies  from  two  to  six.  In 
this  case  also,  the  compounds  of  the  hexa valent  type  are  the  most  stable. 

The  combining  weight  of  molybdenum  is  96‘0.. 

Metallic  molybdenum  is  obtained  as  a white,  \ cry  dimai  t y j 
fusible  metal  which,  like  iron,  becomes  more  readily  fusible  and  \ery  i 
hard  through  absorption  of  carbon.  It  is  not  attacked  by  dilute  acids 
and  is  oxidised  by  nitric  acid.  In  the  potential  series,  it  appears  tal 

stand  in  the  neighbourhood  of  lead. 

Molybdenum  Trioxide,  the  anhydride  of  molybdic  acid, 
obtained  in  the  crude  state  by  roasting  the  naturally  occurring  molyb- 
denum sulphide,  and  is  purified  by  dissolving  in  ammonia  and  repeated, 
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3 roasting.  It  is  a white  substance  which  becomes  yellow  on  heating : 
at  a red  heat  it  melts  and  volatilises.  It  is  readily  reduced  to  the 
i metal  by  means  of  hydrogen  and  charcoal. 

Molybdenum  trioxide  is  the  anhydride  of  a series  of  acids  which 
arc  formed  from  it  and  the  elements  of  water  in  varying  proportions. 
Whereas  in  the  case  of  tungstic  acid  the  metatungstic  acid  at  least  was 
found  to  be  well  characterised  and  stable,  no  similar  compound  is 
known  in  the  present  case,  but  the  different  polymolybdic  acids  appear 
to  pass  quickly  and  readily  into  one  another.  Compounds  of  tri- 
molybdic  acid,  H2Mo3O10,  are  the  most  frequent. 

The  power  of  forming  complex  acids  is  here  developed  to  a par- 
ticularly high  degree,  and  molybdenum  trioxide  appears  to  unite  with 
practically  all  other  acids  to  form  such  compounds.  For  while  pure 
molybdenum  trioxide,  or  its  hydrate,  is  only  sparingly  soluble  in  water, 

! it  passes  abundantly  into  solution  in  free  acids  ; salts  of  molybdic  acid 
: therefore  give  no  precipitate  of  molybdic  acid  on  adding  excess  of 
another  acid. 

Of  these  complex  compounds  the  phosphomolybdic  acid 
• IOM0O3  is  the  best  known.  Besides  the  compound  with 
1 10MoO3  there  are  also  compounds  with  perfectly  similar  properties 
containing  11Mo03  and  12Mo03. 

The  very  difficultly  soluble  ammonium  salt  of  these  acids  is 
obtained  by  warming  an  acid  solution  of  ammonium  molybdate  with 
1 a liquid  containing  phosphoric  acid.  The  liquid  first  becomes  yellow 
land  then  deposits  a yellow  powder,  which  is  the  above  ammonium 
salt.  As  is  frequently  the  case  in  the  formation  of  complex  com- 
pounds, the  reaction  does  not  take  place  instantaneously,  but  requires 
a moderately  long  time  for  its  completion. 

Since  the  reaction  occurs  in  acid  solution,  and  since  a very  large 
quantity  of  precipitate  is  obtained  for  a small  quantity  of  phosphoric' 
acid,  the  reaction  is  employed  for  the  detection  of  phosphoric  acid  in 
analysis.  Care  must  be  taken  that  the  molybdic  acid  is  present  in 
excess  as,  otherwise,  soluble  compounds  can  be  formed. 

From  the  ammonium  salt  the  free  phosphomolybdic  acid  can  be 
obtained  by  warming  with  aqua  regia,  whereby  the  ammonia  is 
destroyed  with  evolution  of  nitrogen.  The  solution  on  concentration 
fields  fine  crystals  of  the  free  acid.  It  can  also  be  obtained  by 
warming  phosphoric  acid  and  molybdic  acid  in  the  requisite  pro- 
portions. Pyro-  and  meta-phosphoric  acids  do  not  give  these  com- 
oounds.  This  free  acid  is  yellow,  very  readily  soluble  in  water,  and 
fields  precipitates  with  the  organic  “alkaloids”  (basic  derivatives 
bf  ammonia  which  occur  in  plants  and  have  mostly  a powerful  physio- 
ogical  action) ; it  serves  therefore  as  a reagent  for  these. 

Lower  Oxygen  Compounds.— If  zinc  is  introduced  into  the  acid 
^solution  of  molybdic  acid,  the  liquid  first  becomes  blue,  and  on  further 
" 'eduction  passes  through  various  colours  into  brown.  The  solution 
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then  contains  a salt  of  the  sesquioxide,  Mo203.  By  very  powerful 
reduction  one  can  descend  still  lower ; the  resulting  solution,  however, 
oxidises  with  extreme  readiness. 

From  molybdenum  trioxide,  the  sesquioxide,  Mo203,  is  obtained  as  -\ 
a black  powder  by  reduction  with  hydrogen  at  a red  heat.  If  the  - j 
temperature  is  only  moderately  high,  the  dioxide  Mo02  is  obtained  asJ 
a crystalline,  violet,  or  copper-coloured  mass.  Between  this  and  the  I 
trioxide  are  the  readily  formed  blue  compounds,  the  composition  of 
which  varies  and  cannot  be  characterised  with  sufficient  sharpness. 

Chlorine  Compounds  of  Molybdenum. — A chloride  correspond-  \ 
ing  to  molybdenum  trioxide  is  not  known;  the  highest  chlorine  stage  i 
is  a pentachloride,  MoC15.  This  is  obtained  by  gently  warming  Jl 
metallic  molybdenum  in  a current  of  chlorine  ; it  is  a dark  red  vapour, 
which  condenses  to  a liquid,  boiling  at  268°  and  solidifying  at  194"'’  to  •: 
dark  green  crystals.  The  chloride  reacts  violently  with  water  and  . i 
yields  a blue  liquid  which  deposits  a brown  precipitate  of  molybdenum  ti 
tetrahydroxide  on  addition  of  alkalis,  while  a molybdate  remains  in 
solution. 

When  the  pentachloride  is  carefully  heated  in  a current  of  hydrogen, 
it  passes  into  molybdenum  trichloride,  which  is  very  similar  in  appear- 
ance to  red  phosphorus.  On  being  more  strongly  heated,  this  de-  • 
composes  into  difficultly  volatile  dichloride,  which  remains  behind,  and  d 
tetrachloride  which  volatilises.  The  former  is  a yellow,  non-crystalline  <j 
mass,  the  latter  a brown  powder.  All  the  chlorides  react  energetically  ;.' 
and  undergo  double  decomposition  with  water. 

Besides  the  chlorides,  there  are  also  a number  of  oxychlorides, - 
some  of  which  are  very  readily  formed.  The  compound  Mo02C12  is  • 
yellow-white  in  colour,  and  is  obtained  by  heating  a mixture  of  molyb- 
denum trioxide  and  charcoal  in  a current  of  chlorine.  Besides  it 
there  are  also  formed  the  violet  compound  Mo203C16,  and  the  green 
MoOC14,  Avhich  become  more  volatile  as  the  amount  of  chlorine 
increases  ; the  compound  last  mentioned  volatilises  even  under  100  . 

Molybdenum  trioxide  volatilises  very  readily  at  150°-200'  in  a 
current  of  chlorine;  this  is  due  to  the  formation  of  a compound: 
H0Mo03C1,,  = Mo03  + 2HC1.  Salts  of  molybdic  acid  are  also  de- 
composed, "the  molybdic  acid  escaping  and  a chloride  of  the  partial® 
metal  remaining  behind. 

Sulphur  Compounds.— In  nature  the  compound  MoS2  occurs  as 
molybdenum  glance.  It  is  a grey-black  substance,  similar  to  graphite, 
and  is  the  source  from  which  the  other  molybdenum  compounds  are 

obtained.  i;i 

On  passing  sulphuretted  hydrogen  into  the  solutions  of  the  alkau  J 

molybdates,  the  liquid  becomes  intense  red-brown  in  colour  and 
contains  a corresponding  thiomolybdate.  A similar  variety  to  that  1 
shown  by  the  salts  of  molybdic  acid  is  found  also  in  the  case  of  the . 
salts  of  thiomolybdic  acid,  with  respect  of  the  relation  between  acid 
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and  base,  so  that  the  description  of  the  different  compounds  would 
lead  too  far.  On  adding  an  acid  to  the  solutions,  a precipitate  of 
molybdenum  trisulphide  is  formed  with  evolution  of  sulphuretted 
hydrogen  ; it  is  a red-brown  substance,  which  gives  a colloidal  solution 
with  pure  water. 


CHAPTER  XLIII 


GOLD  AND  THE  PLATINUM  METALS 

General. — The  metals  which  have  to  be  treated  in  this  chapter 
constitute,  along  with  silver,  the  group  of  the  noble  metals.  By  vi 
this  designation  there  is  understood  metals  which  do  not  unite  with 
the  oxygen  of  the  air  either  at  high  or  low  temperatures,  and  which 
can  be  converted  only  with  difficulty  into  compounds  by  means  of 
chemical  reactions.  In  other  words,  they  are  metallic  elements  which 
in  the  elementary  state  contain  much  less  free  energy  than  their 
compounds. 

Such  a statement  cannot  of  course  be  made  cpiite  general,  since  it 
depends  on  the  nature  of  the  compounds  what  difference  of  energy 
exists  between  their  free  energy  and  that  of  their  components.  Thus,  d 
in  fact,  we  see  that  towards  certain  reagents  the  noble  metals  behave 
as  base,  i.e.  pass  spontaneously  into  compounds.  The  reagents  which 
have  this  action  on  the  noble  metals  are  chiefly  those  by  which  the 
metals  are  converted  into  complex  compounds. 

Of  the  elements  grouped  together  in  this  chapter,  gold  occupies  a j 
rather  solitary  position,  while  the  six  platinum  metals  form  a well- 
arranged  group  of  three  pairs.  This  is  seen  from  the  following  table, 
in  which  the  neighbouring  elements  are  especially  similar  to.  one 
another.  The  chemical  similarity  follows  the  values  of  the  combining 
weights  : — 

Palladium  ...  106  Platinum  . . 194'S 

Rhodium  . . . 103 -0  Iridium  . • ^3  0 

Ruthenium  . • 101  "7  Osmium. 

Gold. The  element  gold  occurs  in  nature  almost  entirely  in  the 

metallic  state  ; in  spite  of  its  rarity  it  may,  by  reason  of  its  remarkable 
properties,  be  regarded  as  that  element  which  has  been  longest  known  3 

and  which  was  earliest  used.  , L 

Gold  is  a lustrous,  yellow  metal,  whose  density  is  19 -3,  and  which 
melts  at  1035°.  In  the  air,  it  remains  unchanged  at  all  temperatures; 
moisture  also  has  no  influence  on  its  lustre.  By  reason  of  its  un- « 
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alterability  it  lias  been  used  from  olden  times  as  a standard  of  value 
: and  for  enabling  this  standard  to  be  preserved.  At  the  present  day  it 
has  been  adopted  by  most  countries  as  the  basis  of  their  coinage. 

Gold  is  not  attacked  by  dilute  or  concentrated  acids,  so  that  it 
remains  as  a residue  (as  a brown  powder)  when  auriferous  metal  is 
treated  with  nitric  acid  or  with  concentrated  sulphuric  acid,  which  has 
a similar  action.  On  the  other  hand,  it  dissolves  fairly  readily  in 
chlorine  water  and  in  other  liquids  which  give  off  free  chlorine.  A 
mixture  of  nitric  and  hydrochloric  acids  has  the  latter  property 
(p.  334),  and  is  used  under  the  name  of  “aqua  regia”  (since  it  dis- 
§ solves  the  king  of  the  metals)  for  the  preparation  of  gold  compounds. 

Of  the  mechanical  properties  of  gold  its  malleability  is  the  chief ; 
this  allows  of  the  metal  being  rolled  or  beaten  out  to  extremely  thin 
leaves.  These  leaves  transmit  green  light.  Still  thinner  films  of  gold 
are  obtained  by  chemical  precipitation  from  solution.  Finely  divided 
gold,  such  as  is  obtained  by  reduction  on  the  skin  when  this  is 
>1  moistened  with  gold  solution,  appears  red-violet.  This  property  is 
made  use  of  in  photography  for  the  purpose  of  imparting  the  well- 
known  brown-violet  “photographic  tint”  to  the  brown  positives, 
consisting  of  finely  divided  silver  (p.  677).  For  this  purpose  the 
pictures  are  treated  with  a very  dilute,  neutral  or  alkaline  solution 
of  gold,  whereby  the  gold  is  precipitated  by  the  metallic  silver  of  the 
picture,  while  the  silver  passes  into  the  corresponding  compound. 

Gold  which  is  precipated  from  solution  in  a very  finely  divided 
; condition,  generally  appears  blue  by  transmitted  light,  while  the 
incident  light  is  dispersed  with  a brown  colour.  If,  however,  pre- 
: cipitation  takes  place  in  a very  diluted  condition,  purple-red  solutions 
i of  colloidal  gold  are  obtained ; these  are  precipitated  by  salts  and 
i exhibit  the  general  properties  of  colloidal  solutions. 

* The  simplest  means  of  obtaining  such  solutions  consists  in 
: allowing  an  electric  arc  to  pass  between  electrodes  of  gold  under 
water  to  which  a trace  of  alkali  has  been  added. 

In  fused  glass  also,  gold  dissolves  in  a colloidal  condition  and 
• yields  the  fine  red-coloured  gold-ruby  glass.  Finally,  a solid  solution 
of  colloidal  gold  in  stannic  acid,  obtained  by  the  precipitation  of  gold 
solutions  with  stannous  chloride,  has  long  been  known  by  the  name 
of  purple  of  Cassius,  and  is  employed  in  porcelain  painting. 

The  combining  weight  of  gold  is  Au  = 197'2. 

Gold  Compounds. — Regarding  the  ions  formed  by  gold  there  is 
as  yet  no  sufficient  knowledge.  It  is  known  that  gold  acts  both  as 
a mono-  and  as  a tri-valent  element ; in  the  solutions  also  of  the 
trivalent  compounds,  trivalent  triaurion,  Au  ",  can  be  assumed  (the 
monovalent  gold  compounds  are  not  appreciably  soluble  in  water) ; 
it  is,  however,  unknown  in  what  proportion  these  solutions  contain 
the  ion  Au'"  along  with  other,  complex  ions,  such  as  gold  forms  with 
I ease  and  in  considerable  numbers. 
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The  best  known  gold  compound  is  gold  chloride,  which  is  formed 
on  dissolving  gold  in  aqua  regia.  A yellow  solution  is  produced  from 
which  hydrochloroauric  acid,  IIAuCl,,  can  be  obtained  in  yellow,  readily  j 
soluble  crystals,  by  careful  evaporation.  On  heating  somewhat  more 
strongly,  hydrogen  chloride  escapes  and  gold  trichloride,  AiiCl^, 
remains  behind  as  a brown,  crystalline  mass  which  is  also  readily , j 
soluble.  Its  aqueous  solution  lias  an  acid  reaction  and  contains  the  ! 
gold  in  the  form  of  a complex  anion  of  the  composition  AuOC13",  for : j 
the  trichloride  unites  with  the  solvent  water  to  form  the  compound  i 
H2AuOC13,  which  partially  dissociates  into  its  ions.  By  no  means  all 
the  gold  chloride,  however,  appears  to  undergo  this  transformation. 

The  hydrochloroauric  acid,  HAuCl,,  is  much  better  characterised.  .) 
A large  number  of  well -crystallised  salts  of  this  are  known  which,  , 
however,  are  generally  designated  as  “gold  chloride  double  salts.” 
They  are  obtained  by  the  action  of  the  solution  of  hydrochloroauric  . 
acid  on  any  salts  of  the  particular  base,  best  on  the  chlorides;  they  •) 
are  often  used  for  the  characterisation  of  organic  bases. 

Of  the  salts  of  chloroauranion,  AuCl/,  the  potassium  salt  has  to  > 
be  mentioned  which,  according  to  the  conditions  of  crystallisation, 
crystallises  with  varying  amounts  of  water  (over  sulphuric  acid  in  t 
anhydrous  crystals) ; also  the  sodium  salt  NaAuCl4 . 2H00,  which  is  •' 
employed  as  “gold  salt”  in  photography  (p.  743). 

Strong  bases  decompose  both  the  trichloride  and  the  hydrochloro- 
auric acid,  and  a yellow-brown  precipitate  of  (impure)  auric  hydroxide,  . 
Au(OH)3,  is  formed ; this  is  soluble  in  excess  of  the  base,  since  the 
hydroxide  has  weak  acid  properties.  The  potassium  aurate,  KAuO,,  . 
which  is  formed  under  these  conditions  has  also  been  obtained  in  the 
solid  state  as  a bright  coloured  salt,  from  which  metallic  gold  is  very 
readily  precipitated  (e.g.  by  dust). 

By  precipitating  gold  chloride  with  baryta,  difficultly  soluble  barium 
aurate  is  obtained  which  leaves  a residue  of  fairly  pure  gold  hydroxide 
on  being  treated  with  dilute  nitric  acid.  This  hydroxide  does  not 
dissolve  in  dilute  acids  but  does  so  in  concentrated  nitric  acid,  with 
which  it  forms  a nitroauric  acid  similar  to  hydrochloroauric  acid. 
Gold  trihydroxide  must  therefore  be  regarded  as  an  essentially  acid  1 
hydroxide. 

From  solutions  of  gold,  reducing  agents  of  all  kinds,  e.g.  ferrous  • 
salts,  sulphurous  acid,  oxalic  acid,  etc.,  precipitate  metallic  gold,  which 
according  to  the  conditions  of  experiment,  appears  as  a yellow  pre- 
cipitate of  metallic  lustre  or  as  a brown  powder.  The  commencement 
of  the  separation  is  always  signalised  by  the  solutions  assuming  a blue  • 
coloration  by  transmitted  light. 

Aurous  Chloride.  — By  carefully  heating  gold  chloride  to 
180°,  the  compound  AuCl  is  obtained  according  to  the  equation: 
AuC13  = AuCl  + Cl2.  It  is  a yellow-white  powder,  which  does  not 
dissolve  in  water  but  decomposes  according  to  the  equation, 
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SAuCl  = AuC13  + 2Au,  into  gold  trichloride  which  dissolves,  and 
metallic  gold,  which  remains  behind.  Aurous  chloride  forms  with  the 
)1  alkali  chlorides  complex  salts,  which  can  bo  derived  from  a chloro- 
aurosion,  AuC1.2'.  They  are  obtained  by  carefully  heating  the  corre- 
, sponding  auric  compounds ; on  dissolution  in  water,  however,  theSe 
salts  undergo  the  same  decomposition  as  aurous  chloride. 

Sulphur  Compounds. — On  account  of  the  reducing  action  of 
, sulphuretted  hydrogen,  the  sulphur  compounds  of  the  aurous  series  arc 
more  stable  and  more  easily  prepared  than  those  of  the  auric  series. 
Aurous  sulphide,  Au2S,  is  obtained  (mixed  with  sulphur)  by  passing 
sulphuretted  hydrogen  into  a boiling  solution  of  gold  chloride.  It  is 
a dark  precipitate  which  yields  a brown  colloidal  solution  with  pure 
water.  The  solution  does  not  exhibit  the  reactions  of  a sulphide,  and 
therefore  contains  only  a negligible  amount  of  ions. 

Aurous  sulphide  unites  with  alkali  sulphides  to  form  thio-salts 
of  the  formula  MAuS,  which  are  soluble  in  water  but  are  quickly 
decomposed  in  the  air  owing  to  oxidation.  By  fusion  with  alkali 
■ sulphides,  therefore,  gold  is  rendered  soluble  owing  to  the  formation 
of  the  above  compounds.  They  are  immediately  decomposed  by 
acids 

On  treating  a solution  of  gold  chloride  in  the  cold  with  sulphuretted 
hydrogen,  a more  highly  sulphuretted  compound  of  gold,  having 
approximately  the  composition  AuS  or  Au2S2,  is  precipitated.  It  is 
a black  amorphous  mass  which  decomposes  into  gold  and  sulphur  on 
i being  heated,  is  insoluble  in  acids,  and  can  be  brought  into  colloidal 

• solution  by  treating  with  potassium  cyanide  and  then  with  pure  water. 
Ihis  precipitate  dissolves  in  yellow  but  not  in  colourless  ammonium 

• sulphide,  with  formation  of  ammonium  thioaurate,  NH4AuS.,. 

Complex  Gold  Compounds. — As  is  evident  from  the  description 
of  the  more  simple  gold  compounds,  the  saline  derivatives  of  gold  are 
chiefly  of  a complex  character,  i.e.  the  gold  is  not  present  in  them  as 
an  elementary  ion.  Besides  these  there  also  exist  a large  number  of 
other  complex  gold  compounds ; such  compounds  are  formed  with 
especial  readiness  with  cyanogen  and  sulphur. 

The  gold  compounds  are  mostly  readily  soluble  in  potassium 
cyanide,  and  give  rise  chiefly  to  two  series  of  salts,  the  aurous  and 

I the  auric  cyanides.  The  former  are  derived  from  aurocyanidion, 
Au(CN)2',  which  corresponds  to  argenticyanidion,  and  are  formed  by 
dissolving  aurous  compounds  in  alkali  cyanides.  The  compounds  of 
the  second  series  are  the  salts  of  auricyanidion,  Au(CN)4',  and  are 

S formed  from  auric  compounds  and  cyanides ; they  are  the  better 
known  and  the  more  important  of  the  two  classes. 

In  neither  case  have  the  free  acids  been  prepared,  but  a number 
■;  of  salts  are  known.  These  are  colourless;  they  do  not  exhibit  the 
1 ordinary  reactions  of  gold,  and  are,  for  example,  not  nearly  so  readily 
J reduced  as  these. 
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The  potassium  salt,  KAu(CN),„  crystallises  with  1 },  H.,0  in  colour- 
less, readily  soluble  plates,  and  has  a technical  importance  in  two 
different  directions.  On  the  one  hand,  it  is  used  for  the  electro-gilding 
of  other  metals.  For  this  purpose  it  has  the  same  advantages  as 
are  possessed  by  potassium  argenticyanide  for  silvering  (p.  G81).  As  : 
a rule,  it  is  not  first  prepared  specially  but  potassium  cyanide  isd 
electrolysed  between  gold  electrodes  until  a sufficient  amount  of  the  i 
substance  has  been  formed  in  the  bath.  Its  formation  takes  place 
at  the  anode  where  cyanogen  is  liberated  from  the  potassium  cyanide;  ] 
the  former  immediately  yields  gold  cyanide  with  the  gold,  which 
then  dissolves  in  the  excess  of  potassium  cyanide  with  formation  of  i 
potassium  auricyanide.  At  the  same  time,  hydrogen  is  liberated  and  . 
caustic  potash  is  formed  at  the  cathode ; the  latter  must  be  removed 
by  addition  of  acid. 

Another  application  depends  on  the  fact  that  metallic  gold  dissolves  s 
in  a dilute  solution  of  potassium  cyanide,  with  co-operation  of  the  ■ 
atmospheric  oxygen,  to  form  potassium  auricyanide,  according  to  the 
equation  : 2Au  + 8KCN  + 202  + 4H20  = 2KAu(CN)4  + 6KOH  + H20.,.  . 
As  can  be  seen  from  the  equation,  caustic  potash  and  hydrogen 
peroxide  are  formed  besides  the  gold  salt.  It  has  already  been 
mentioned  that  the  formation  of  the  peroxide  in  oxidations  by  means  - 
of  free  oxygen  is  a frequent  phenomenon  (p.  157).  The  above  re- 
action is  made  use  of  on  the  large  scale  for  the  extraction  of  gold  il 
in  those  cases  where  it  occurs  so  finely  divided  that  levigation  or 
amalgamation  cannot  be  successfully  employed  (vide  infra).  South  a 
African  gold,  more  especially,  is  obtained  in  this  way.  The  gold  is  ■ 
again  separated  by  electrolysis  from  the  solutions  (for  which  tery 
dilute  potassium  cyanide  must  be  employed). 

Gold  therefore  behaves  as  a base  metal  towards  the  solution  of  : 
potassium  cyanide,  for  it  dissolves  in  it  under  the  joint  action  of  the* 
atmospheric  oxygen,  in  much  the  same  way  as  copper  dissolves  in 
hydrochloric  acid  under  the  influence  of  the  air.  This  |is  due  to 
its  passing  into  a complex  compound  in  which  the  concentration  of » 
elementary  anrion  is  extremely  small.  It  has  already  been  pointed  d 
out  that  the  smaller  the  concentration  of  the  metal  ion  in  the  resulting  . 
solution,  the  more  does  the  metal  behave  as  a base  metal  towards  that 
reagent  (p.  685).  This  refers  not  only  to  the  electrical  behaviour, 
for°this  is  only  an  expression  of  the  chemical  properties,  but  to  all  * 
chemical  processes. 

These  relations  can  be  interpreted  in  the  following  general  manner.  I 
As  has  already  been  frequently  emphasised,  every  possible  substance 
has  a tendency  to  formation,  and  this  is  all  the  greater  the  smaller  its 
concentration  at  that  point  where  it  could  be  formed.  Of  a necessity, 
therefore,  under  given  conditions,  traces  of  every  possible  substance  • 
must  be  formed.  The  noble  metals,  now,  are  those  for  which  im- 
measurably small  concentrations  of  their  ions  suffice  to  counteract 


xliii  GOLD  AND  THE  PLATINUM  METALS  747 

the  tendency  to  further  ion-formation.  For  this  reason  gold  appears 
insoluble  in  the  ordinary  acids.  If,  however,  the  conditions  are  such 

ithat  even  these  minute  amounts  of  ions  disappear  by  being  used  up 
in  the  formation  of  complex  compounds,  more  gold  must  pass  into 
solution,  and  this  must  continue  until  the  concentration  of  aurion 
necessary  for  equilibrium  has  been  established  in  the  solution.  A 
noble  metal,  therefore,  will  appear  as  base  oidy  in  those  solutions  with 
the  components  of  which  it  forms  complexes,  and  it  will  appear  all 
the  more  base  the  more  stable  these  complexes  are  in  respect  of  the 
metal  ion,  or  the  less  the  amount  of  metal  ion  split  off  by  the  complex 
at  a given,  absolute  concentration.  This  view  has  been  universally 
confirmed  by  experience. 

We  find  here  the  explanation  of  the  solubility  of  gold  in  aqua 
regia,  although  gold  is  not  (or  rather,  is  only  slightly)  soluble  in  nitric 
acid.  The  hydrochloroauric  acid  which  is  formed  is  a comparatively 
stable  complex  compound  in  whose  solution  the  concentration  of  aurion 
is  only  very  small,  while  the  solution  in  nitric  acid  contains  more  gold 
and  is  less  stable.  Aqua  regia,  therefore,  dissolves  gold  not  because 
it  is  a stronger  oxidising  agent  than  nitric  acid,  but  because  gold  is  a 
less  noble  metal  with  respect  to  aqua  regia  than  with  respect  to  nitric 
acid.  It  is  still  less  noble  towards  potassium  cyanide  solution  and 
free  oxygen,  Avhich  are  in  themselves  no  very  effective  oxidising 
agents. 

Gold  also  forms  complex  compounds  with  substances  containing 
sulphur.  The  simple  thio-acids  of  gold  have  already  been  mentioned ; 
we  have  still  to  mention  the  complex  compound  which  gold  forms 
with  the  thiosulphates.  By  the  action  of  a solution  of  sodium  thio- 
sulphate on  neutral  gold  chloride,  a salt  of  the  composition  Na3Au(S203)3 
is  obtained ; it  can  be  precipitated  from  the  solution  by  the  addition 
of  alcohol,  has  a sweet  taste,  and  does  not  exhibit  the  reactions  of  the 
ordinary  solutions  of  gold  salts.  The  corresponding  aurithiosulphuric 
acid,  H3Au(S203)3,  can  also  be  prepared  by  decomposing  the  barium 
salt  (obtained  in  a similar  manner  to  the  potassium  salt). 

These  compounds  play  a role  in  the  “ toning  ” of  positive  silver 
pictures  in  photography,  as  they  are  contained  in  the  combined  toning 

! and  fixing  solutions. 

Metallurgy  of  Gold. — Since  by  far  the  largest  amount  of  gold 
occurs  in  the  metallic  state,  the  metallurgy  of  gold  was  for  long  a 
f mechanical  and  not  a chemical  operation.  The  auriferous  sand  was 

! treated  with  running  water  which  carried  away  the  light  sand  but 
left  the  heavy  grains  of  gold  behind.  If  the  gold  was  not  contained 
in  sand  but  in  the  solid  rock  ( e.g . in  quartz),  this  operation  had 
[ to  be  preceded  by  a mechanical  disintegration  of  the  rock,  unless 
it  was  preferred  to  fuse  the  whole  stone,  with  suitable  addi- 
tions, whereby  the  gold,  being  the  densest  component,  sank  to  the 
bottom. 
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Gold,  however,  frequently  occurs  in  such  a fine  state  of  division  that 
it  is  carried  away  in  the  process  of  lcvigation.  In  these  cases  it  can 
be  extracted  with  mercury,  in  which  it  is  readily  soluble  ; the  mercury 
is  recovered  by  distillation. 

Still  more  finely  divided  gold  is  extracted  with  a very  dilute 
solution  of  potassium  cyanide  (p.  746).  , 

Metallic  gold  is  not  employed  in  the  pure  state  for  coinage  and 
articles  of  jewellery,  as  it  is  too  soft,  but  at  most  is  used  in  the 
laboratory  for  caustic  alkali  fusions,  because  it  is  more  resistant  to 
caustic  potash  and  soda  in  the  heat  than  is  platinum  or  silver.  For 
ordinary  usage,  gold  is  alloyed  with  other  metals,  generally  copper. 
The  amount  of  gold  contained  in  the  alloy  for  coinage  is  regulated  by 
Government;  English  gold  coinage  contains  91 ’66  per  cent  of  gold. 

Platinum.— Of  the  six  metals  of  the  platinum  group  mentioned 
above  (p.  742)  platinum  itself  is  the  most  frequent  and  the  most  im- 
portant. Like  gold  it  occurs  native  ancl  is  obtained  by  levigation. 
Crude  “platinum  ore”  contains  all  six  metals  in  varying  amounts,  and 
must  be  subjected  to  a rather  complicated  process  of  separation  in  order  f j 
that  the  components  may  be  obtained  in  the  pure  state. 

Platinum  is  a grey-white  metal  having  a density  21-4,  and  melting 
at  1770°.  It  can  be  welded  at  a bright  red  heat,  can  be  drawn  to  a 
fine  wire,  and  possesses  great  resistibility  to  chemical  influences.  It  is, 
more  especially,  not  appreciably  dissolved  by  pure  acids  ; its  durability 
under  the  action  of  boiling  sulphuric  acid  has  already  been  mentioned 
(p.  286).  It  is  dissolved  by  aqua  regia,  but  also  rather  slowly.  It  is 
also  fairly  stable  to  electrolytically  liberated  chlorine.  It  is  attacked, 
however,  in  cases  where  it  can  combine  at  a red  heat  with  phosphorus ; . 
many  a platinum  crucible  has  been  eaten  through  by  igniting  phosphates 
along  with  carbon.  Platinum  is  also  attacked  by  melting  caustic 
potash  or  soda,  while  the  alkali  carbonates  can  be  fused  without 
danger  in  platinum  vessels.  On  being  heated  for  a long  time  in  con- 
tact with  carbon,  the  platinum  absorbs  some  of  it,  and  becomes 
brittle.  It  mixes  with  readily  reducible  metals,  and  forms  easily 
fusible  alloys ; such  metals,  therefore,  must  not  come  into  contact  with 
hot  platinum  vessels.  It  is  indifferent  towards  hydrofluoric  acid. 

These  properties  render  platinum  of  great  value  both  in  the  labora- 
tory and  in  the  arts ; indeed,  so  much  of  the  metal  is  used  in  the 
latter,  that  its  price  has  risen  to  several  times  its  former  value. 

In  the  laboratory  platinum  is  used  for  the  most  varied  purposes,  in 
the  form  of  crucibles,  dishes,  wire,  and  foil,  especially  for  exact 
analysis.  In  the  arts  it  was  formerly  chiefty  used  for  concentration 
retorts  in  the  sulphuric  acid  manufacture.  On  account  of  the  change 
to  the  anhydride  process  now  taking  place  in  the  sulphuric  acid  manu- 
facture (p.  283),  the  platinum  does  not  become  free,  for  the  new 
process  also  requires  platinum,  although  for  other  purposes.  n 
commercial  electrolysis  also,  electrodes  of  platinum  are  often  used. 
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A widely  extended  application  of  platinum  is  due  to  the  fact  that 
its  coefficient  of  expansion  is  almost  the  same  as  that  of  glass. 
Platinum  wires  are,  therefore,  employed  for  leading  electric  conductors 
air-tight  through  glass.  Whereas,  formerly,  use  was  made  of  this  only 
in  scientific  apparatus,  large  quantities  of  platinum  are  now  used  for 
the  conducting  junctions  in  electrical  incandescent  lamps,  the  interior 
of  which  must  be  exhausted.  Further,  much  platinum  is  used  in 
electrotechnics  for  coating  electrical  contacts,  since  the  platinum  sur- 
faces are  not  oxidised  by  the  sparks  which  are  there  formed,  and  there- 
fore retain  their  conductivity. 

On  account  of  its  high  melting  point,  platinum  does  not  fuse  in 
ordinary  flames,  not  even  in  the  hottest  part  of  the  Bunsen  flame.  It 
can  be  readily  fused,  however,  in  the  oxyhydrogen  flame  (p.  101),  and 
this  is  used  in  the  arts  on  a large  scale  for  the  purpose  of  fusing 
platinum  to  a mass ; the  crucible  material  is  made  of  burnt  lime. 

Since  most  of  the  platinum  compounds  decompose  at  a red  heat, 
leaving  a residue  of  metallic  platinum,  the  latter  is  in  this  way  obtained 
as  an  unfused,  finely  divided  mass,  known  as  platinum  sponge.  In  this 
form  platinum  exhibits  very  pronounced  catalytic  properties,  chiefly  in 
the  acceleration  of  numerous  gas  reactions.  Several  examples  of  this 
have  already  been  given ; the  most  important,  technically,  is  the  pre- 
paration of  sulphur  trioxide  by  means  of  spongy  platinum. 

* Spongy  platinum  was  used  by  Dobereiner,  the  discoverer  of  the 
above  property,  for  the  construction  of  the  lamp  named  after  him, 
which  was  greatly  used  at  the  time  of 
its  discovery  (1823),  when  matches  did 
not  exist.  It  depends  on  the  fact  that 
a current  of  hydrogen  gas,  when  caused 
to  strike  on  a piece  of  spongy  platinum, 
unites  under  its  influence  so  quickly  with 
the  atmospheric  oxygen  that  the  metal 
becomes  red-hot  and  ignites  the  hydro- 
gen.  The  Dobereiner  lamp,  therefore, 

• consists  of  an  automatic  hydrogen  gener- 
ator (the  arrangement  of  which  is  seen 
from  Fig.  121),  filled  with  zinc  and  sul- 
phuric acid,  and  of  a piece  of  platinum 
sponge  placed  in  a small  box  opposite 
the  exit  tap.  In  recent  times,  the  same 
! principle  has  been  employed  for  the  ignition  of  gas  flames  by  the  mere 
opening  of  the  tap,  especially  in  the  case  of  incandescent  burners. 

Since  the  catalytic  actions  of  platinum  take  place  at  its  surface,  they 
are,  for  a given  amount  of  metal,  all  the  more  considerable  the  greater 
the  surface.  This  is  seen  in  the  very  finely  divided  platinum  which  is 

5 obtained  on  reducing  alkaline  platinum  solutions  with  organic  sub- 
stances, e.g.  formic  acid  (p.  397.)  The  metal  is  then  deposited  in  the 
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form  of  a very  fine  powder  which,  on  account  of  its  black  colour,  is 
called  platinum  black , and  which  exhibits  the  above-mentioned  catalytic 
properties  in  a high  degree.  On  being  heated  to  redness,  it  cakes 
together,  and  forms  grey  spongy  platinum. 

Besides  the  catalytic  actions,  platinum  black  also  exhibits  absorp- 
tion phenomena  which,  by  reason  of  its  fine  division  and  correspondingly  , !jj 
largo  surface,  are  as  clearly  seen  as  in  the  case  of  charcoal  (p.  380).. 

On  account  of  this  property  it  is  somewhat  difficult  to  prepare  platinum 
black  pure. 

Finally,  platinum  is  obtained  in  the  most  finely  divided  state  by 
disintegration  by  means  of  an  electric  arc  under  water  (Bredig).  A 
black- brown  coloured  colloidal  solution  is  then  produced,  which 
exhibits  perfectly  similar  catalytic  actions  to  the  other  forms,  even 
when  present  in  extremely  small  amounts.  By  addition  of  salts,  the 
platinum  is  readily  precipitated  from  these  solutions,  and  then  exhibits 
the  catalytic  actions  in  a much  less  degree. 

* Apparently  connected  with  these  catalytic  actions  is  the  property 
of  platinum  of  dissolving  large  quantities  of  different  gases,  especially 
hydrogen.  Hydrogen  diffuses  through  red-hot  platinum  with  the 
greatest  ease ; but,  even  at  the  ordinary  temperature,  platinum, 
especially  in  the  form  of  platinum  black  or  spongy  platinum,  can 
absorb  fairly  large  quantities  of  the  gas.  The  hydrogen  thereby 
increases  enormously  in  reactivity,  and  acts  in  accordance  with  its 
position  in  the  potential  series  (in  the  neighbourhood  of  lead),  reduc- 
ing, for  example,  more  noble  metals  from  their  salts,  and  forming  the 
corresponding  compounds,  i.e.  the  acid.  It  must  not  be  supposed  that 
the  chemical  affinity  or  the  chemical  potential  of  the  hydrogen  is 
changed;  such  an  assumption,  which  is  certainly  very  often  made, 
would  be  a contradiction  of  the  fundamental  laws  of  the  theory  of 
energy.  For,  if  it  were  the  case,  one  might  generate  hydrogen 
without  the  presence  of  platinum,  and  then  in  the  presence  of  platinum 
allow  it  to  pass  again  into  the  same  combination,  and  would  use  up 
less  work  for  the  first  process  than  is  gained  in  the  second ; in  other 
words,  any  amount  of  work  whatever  would  be  obtained  without 
expenditure,  or  from  nothing.  This,  however,  is  shown  by  experi- 
ence to  be  impossible. 

* The  cause  of  the  changed  action  of  the  platinum  lies  rather  in 
the  acceleration  of  the  reactions  of  hydrogen,  and  is,  therefore,  a 
catalytic  action.  Gaseous  hydrogen  reacts  so  slowly  at  the  ordinary 
temperature  that  it  appears  like  an  indifferent  substance,  and  from  the 
fact  that  in  the  presence  of  platinum  the  reaction  becomes  visible  in  a 
short  time,  while  otherwise  it  would  require  hours  or  perhaps  years, 
the  view  has  arisen  that  there  is  a change  of  the  chemical  potential. 

Compounds  of  Platinum  occur  in  two  series,  in  which  the  metal 
acts  as  divalent  or  tetravalent.  The  latter  are  the  better  known  and 
the  more  stable. 
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I Elementary  platinion  is  formed  neither  in  the  one  nor  the  other 
3 series  in  any  considerable  amount ; on  the  contrary,  all  the  more  stable 
compounds  of  this  metal  are  of  a complex  character.  The  variety  of 
these  complexes  is  exceedingly  great ; only  a very  few  of  them  can  be 
treated  here. 

On  dissolving  platinum  in  aqua  regia,  a yellow -red  solution  is 
formed  which,  on  evaporation,  yields  crystals  of  hydrochloroplatinic 
acid,  HoPtCly.  This  compound  is  a strong  dibasic  acid,  which  does 
not  contain  any  considerable  amount  of  chloridion,  for  it  does  not  give 
a precipitate  of  silver  chloride  with  silver  salts,  but  one  of  silver 
chloroplatinate,  Ag2PtCl0.  Further,  on  electrolysing  a solution  of  the 
acid  or  one  of  its  salts,  it  is  found  that  the  platinum  moves  towards  the 
anode  and  not  to  the  cathode,  for  the  liquid  during  electrolysis  in  the 
neighbourhood  of  the  cathode  becomes  poorer,  and  in  the  neighbour- 
hood of  the  anode  richer  in  platinum,1  which  shows  that  the  platinum 
is  not  present  as  a cation. 

Of  the  salts  of  hydrochloroplatinic  acid,  we  have  already  met  with 
the  difficultly  soluble  potassium  salt  (p.  442),  since  it  is  used  for  the 
separation  and  analytical  determination  of  potassium.  It  is  a salt 
which  crystallises  in  anhydrous,  regular  octahedra,  and  is  much  more 
readily  soluble  in  hot  than  in  cold  water.  By  addition  of  alcohol  it  is 
almost  entirely  precipitated  from  its  aqueous  solution. 

Sodium  platinochloride  is  readily  soluble  in  water,  and  crystallises 
with  6H20.  Ammonium  platinochloride  resembles  the  potassium  com- 
pound in  being  difficultly  soluble ; it  is  used  for  the  separation  of 
platinum  from  the  solutions  of  the  crude  platinum  ores.  On  being 
heated  it  readily  decomposes  into  ammonium  chloride  and  chlorine, 
which  escape,  and  metallic  platinum,  which  remains  behind  in  the  form 
of  spongy  platinum  (p.  749). 

By  carefully  heating  hydrochloroplatinic  acid  in  a current  of 
chlorine,  platinum  tetrachloride,  PtCl4,  is  obtained  as  a crystalline  mass 

! similar  to  hydrochloroplatinic  acid,  but  not  deliquescent.  It  readily 
dissolves  in  water ; the  solution  contains,  like  that  of  gold  chloride,  an 
oxy-acid,  H2PtCl40,  which  is  formed  by  the  absorption  of  the  elements 
of  water.  The  very  dilute  solutions  have  the  remarkable  property 
that  their  conductivity  very  rapidly  increases  when  they  are  illumi- 
nated,— a behaviour  which  is  probably  connected  with  a hydrolysis 
with  splitting  off  of  hydrochloric  acid. 

On  adding  excess  of  sodium  carbonate  to  a solution  of  hydrochloro- 
platinic acid,  concentrating  and  extracting  the  residue  with  acetic  acid, 
platinic  hydroxide,  Pt(OH)4,  is  obtained  as  a red-brown  powder,  which 
is  soluble  in  strong  acids  (but  not  in  weak  acids  like  acetic  acid)  and 

1 At  the  electrodes  themselves  the  reaction  is  apparently  the  opposite,  metallic 
‘ platinum  separating  out  on  the  cathode.  This  is,  however,  a secondary  reaction  due  to 
' the  fact  that  the  hydrogen,  which’  is  conducted  by  the  current  to  the  cathode,  is  not  dis- 
' charged  there,  but  reduces  the  platinum  solution  present,  and  the  metal  is  deposited. 
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in  alkalis.  The  solutions  in  acids  contain  platinic  salts,  which  are 
greatly  dissociated  hydrolytically,  but  presumably  also  contain  a 
little  tetraplatinion  (Pt  ') ; they  are  of  a yellow-brown  colour.  The 
alkaline  solutions  contain  platinates,  i.e.  salts  of  the  acid  H.,Pt03,  some 
of  which  have  been  prepared  in  the  solid  state. 

From  the  solutions  of  the  platinum  compounds,  sulphuretted  I i 
hydrogen  slowly  precipitates  black  platinum  sulphide,  which  dissolves 
in  excess  of  alkali  sulphides  to  a dark-brown  solution,  with  formation 
of  a thioplatinic  acid. 

From  the  compounds  of  platinichloridion,  compounds  of  platino- 
chloridion  PtCl4"  are  formed  by  means  of  reducing  agents.  Thus,  on 
warming  an  aqueous  paste  of  potassium  platinichloride  with  cuprous 
chloride,  a dark  solution  is  obtained  from  which  dark-red  crystals  of 
the  soluble  salt  K2PtCl4  separate  out.  The  free  acid  is  known  only 
in  solution ; the  anion  PtCl4"  is  ruby-red  in  colour.  The  potassium 
salt  is  employed  in  photography  for  the  production  of  platinotypes, 

' which  consist  of  metallic  platinum.  For  this  purpose  it  is  spread  on 
paper,  along  with  ferric  oxalate,  and  exposed  to  light ; in  the  light  the 
ferric  salt  is  reduced  to  ferrous  salt  (p.  582).  If  the  paper  is  then 
passed  through  a solution  of  potassium  oxalate,  a reduction  of  the 
platinum  occurs  at  those  parts  at  which  the  action  of  light  had 
occurred,  and  a positive  is  obtained  in  a grey-black  colour  which,  in 
accordance  with  the  stability  of  metallic  platinum,  is  very  resistant  to 
air  and  light.  With  a very  weak  acid  solution  of  potassium  platino- 
chloride,  also,  silver  prints  can  be  converted  into  platinum  ones,  i.e.  one 
can  “ tone  ” with  platinum. 

From  the  solutions  of  the  platinochlorides,  alkalis  precipitate  black 
platinous  hydroxide,  which  has  no  acid  properties. 

Platinous  chloride,  PtCl2,  is  obtained  by  heating  hydrochloro- 
platinic  acid  to  250°-300°,  or  by  heating  spongy  platinum  to  the 
same  temperature  in  a current  of  chlorine.  It  is  a green -brown 
powder,  which  does  not  dissolve  in  water,  but  is  readily  soluble  in 
hydrochloric  acid;  with  the  latter  it  forms  a hydrochloroplatinous 
acid. 

On  passing  carbon  monoxide  over  platinous  chloride,  very  remark- 
able compounds  are  formed  which  contain  the  components  in  the 
proportions  1:1,  1:2,  and  1 : 3.  The  first  volatilises  without  decom- 
position at  about  250°,  and  thus  stands  in  conspicuous  contrast  to  all 
other  platinum  compounds,  which  are  not  volatile,  but  decompose  in 
the  heat.  They  are  yellow  or  yellow-red  crystalline  substances. 

On  allowing  a solution  of  potassium  platinochloride  to  stand  with 
potassium  nitrite  in  a warm  place,  potassium  platinonitrite,  K.2Pt(NO.,)4, 
soon  crystallises  out  in  colourless,  difficultly  soluble  crystals,  lhe  fiee 
acid,  HoPt(N02)4,  has  also  been  prepared.  The  salts  readily  take  up 
two  combining  weights  of  halogen. 

Of  the  numerous  other  series  of  complex  compounds  which  platinum 
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forms,  we  may  still  mention  tho  ammonia  and  the  cyanogen  com- 
pounds. The  ammonia  compounds  belong  to  two  series,  corresponding 
to  the  platinous  and  platinic  compounds.  Their  empirical  composition 
is  that  of  divalent  or  tetravalent  salts  of  platinum  combined  with  one 
to  four  combining  weights  of  ammonia,  NH;J,  often  along  with  water. 
Moreover,  they  exhibit  specific  properties,  showing  that  they  are  salts 
of  new  cations  in  which  neither  the  ammonia  nor  the  platinum  gives 
its  usual  reactions.  Ihese  compounds  are  very  similar  to  the  corre- 
sponding compounds  of  cobalt  (p.  613),  more  especially  also  in  the 
fact  that  the  halogens  and  acid  residues  present  are  only  partially 
i separated  as  ions,  and  in  part  form  constituents  of  the  cations.  The 
hydroxides  of  several  of  these  have  been  prepared,  and  are  soluble 
substances  with  a strongly  alkaline  reaction.  For  the  theory  of  these 
compounds,  cf.  p.  614. 

The  complex  compounds  with  cyanogen  are  derived  from  the 
divalent  cyanoplatinosion,  Pt(CN)4".  The  potassium  salt  is  formed 
by  dissolving  pla.tinous  chloride  in  a solution  of  potassium  cyanide, 
and  also  by  melting  potassium  cyanide  with  spongy  platinum ; it  is  a 
bright  yellow  salt  exhibiting  a blue  iridescence.  The  barium  com- 
pound is  formed  by  mixing  platinous  chloride  and  barium  carbonate 
with  water,  and  passing  hydrocyanic  acid  into  the  hot  liquid.  It  is  a 
bright  yellow  salt  exhibiting  violet-blue  iridescence.  The  magnesium 
salt,  i'  hich  can  be  prepared  in  the  same  way,  is  crimson  red  with 
I green  metallic  lustre,  the  property  of  surface  iridescence,  dependent 
on  the  crystalline  form,  being  possessed  by  all  the  salts  of  this  series. 
The  barium  compound  also  exhibits  in  a very  marked  manner  the 
phenomenon  of  fluorescence,  and  it  converts,  not  only  the  ordi- 
i naiy  ultra-violet,  but  also  the  Kontgen  and  uranium  rays  (p.  735) 

into  visible  light,  and  its  application  is  in  accordance  with  this 
property. 

From  the  solution  pf  the  barium  salt,  the  free  hydrocyanoplatinous 
J acid  ?s  obtained  by  means  of  dilute  sulphuric  acid ; it  is  colourless  in 
Is  solution,  but  in  the  solid  state  it  exhibits  a variety  of  lustrous  colours 
I : according  to  the  amount  of  water  it  contains. 

The  salts  of  this  series  readily  take  up  two  combining  weights  of 
4 halogen,  but  these  are  only  feebly  united;  the  corresponding  com- 
pounds likewise  general^  crystallise  well. 

Palladium. — Palladium  was  discovered  by  Wollaston  in  1803  in 
' Pbatinuni  ore.  It  is  the  least  noble  of  the  platinum  metals,  as  it 
'■•.  readily  dissolves  in  nitric  acid.  It  resembles  platinum  in  its  combining 
^•relations,  for  it  forms  divalent  and  tetravalent  compounds;  in  this 
.'vcase,  however,  the  divalent  compounds  are  the  more  stable. 

Metallic  palladium  has  a density  of  IDS,  and  melts  at  1500°.  It 
is  a metal  similar  to  platinum,  and  has  the  special  property  of  uniting 
uvith  large  amounts  of  hydrogen  to  form  a compound  of  metallic 
■appearance,  the  nature  of  which  has  not  yet  been  sufficiently  explained 
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The  combination  of  the  two  substances  takes  place  most  rapidly  at 
100°,  and  is  all  the  more  rapid  the  more  finely  the  metal  is  divided. 
With  finely  divided  metal,  800  volumes  of  hydrogen  are  absorbed  by 
one  volume  of  the  metal.  Still  more  hydrogen  is  absorbed  on 
employing  the  metal  as  cathode  in  dilute  sulphuric  acid ; the  amount 
of  gas  then  absorbed  increases  with  the  strength  of  the  current ; a 1 
portion  of  the  hydrogen  so  absorbed,  however,  escapes  immediately 
the  current  is  stopped,  while  another  portion  is  in  stable  combination. 

If  the  temperature  is  raised,  the  palladium  hydride  again  decomposes 
into  its  components ; it  does  not,  however,  follow  the  ordinary  law  of 
dissociation,  according  to  which  the  pressure  is  independent  of  the 
degree  of  decomposition  ; in  this  case  there  is  a dependence. 

° The  hydrogen  absorbed  by  palladium  has  a strongly  reducing  ; 
action,  and  it  has  therefore  often  been  regarded  as  existing  in  a special 
condition.  In  this  case,  however,  as  in  the  case  of  platinum,  we  are 
dealing  only  with  a catalytic  acceleration  of  the  reaction. 

* If  galvanic  cells  are  constructed  containing  hydrogen  along  with 
various  metals,  such  as  gold,  platinum,  or  palladium,  no  electromotive 
force  is  observed  if  the  hydrogen  is  always  present  in  excess.  This  is 
a proof  that  the  chemical  potential  of  the  hydrogen  is  not  increased 
by  the  palladium. 

Of  the  chemical  compounds  of  palladium,  palladious  nitrate, 
Pd(N03).„  may  be  mentioned,  which  is  formed  by  dissolving  the  metal 
in  nitric  acid.  It  is  a very  deliquescent  salt,  the  solution  of  which  is 
dark  brown  in  colour  ; this  colour  may  be  ascribed  to  dipalladion,  Pd  . 1 
On  adding  alkali  carbonates  to  these  solutions,  carbon  dioxide . is 
evolved,  and  a dark  brown  precipitate  of  palladious  hydroxide,  which  | 
on  ignition  decomposes  only  with  difficulty  into  metal  and  oxygen,  is  | 
deposited.  Dipalladion  unites  with  iodidion  to  form  a dark-brown 
compound,  which  is  soluble  with  extreme  difficulty  in  water.  Since 
bromidion  and  chloridion  do  not  give,  such  a precipitate,  palladious 
nitrate  can  be  used  as  a reagent  for  iodidion. 

If  palladium  is  dissolved  in  a large  excess  of  aqua  regia,  a solution 
of  h y drochloropalladic  acid,  H2PdCl6,  is  formed,  from  which  the  | 
potassium  salt  can  be  obtained  as  a difficultly  soluble  crystalline| 
powder  consisting  of  scarlet  octahedra.  Even  on  heating  the  acid  ; 
solution  to  boiling,  chlorine  escapes  and  hydrochloropalladious  acid,  I 
H.2PdCl4,  is  formed,  the  potassium  salt  of  which  is  very  similar  to  the 

corresponding  platinous  compound  (p.  i 52).  . 

On  evaporating  a solution  of  palladium  in  aqua  regia  to  dryness,  . 
hydrogen  chloride  and  chlorine  escape,  and  palladious  phlonde,  FdUj,  { 
is  obtained,  which  dissolves  in  water  with  a red-brown  colour. 

The  combining  weight  of  palladium  is  Pd  = 106.  . 

Iridium. — On  treating  platinum  ore  with  aqua  regia,  part  ol  | 
iridium  is  dissolved  along  with  the  platinum,  and  part  remains  alloyed* 
with  osmium  as  osmiridium,  which  is  not  attacked  by  aqua  regia.  1 
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dissolved  portion  is  precipitated  along  with  the  platinum  by  means  of 
ammonium  chloride,  and  its  presence  is  recognised  even  in  com- 
paratively small  amounts  by  the  fact  that  the  compound  of  platinum 
chloride  and  ammonium  chloride  has  a yellow-red  or  red-brown  colour 
instead  of  bright  yellow.  This  portion  of  iridium  is  often  left  in  the 
platinum  used  in  the  arts,  since  the  metal  thereby  becomes  harder  and 
more  resistant  to  chemical  influences. 

Pure  iridium  scarcely  melts  even  in  the  oxyhydrogen  flame,  and 
can  be  worked  only  with  difficulty.  It  has  the  density  22,  the  hard- 
ness of  slightly  tempered  steel,  and  is  only  slowly  attacked  even  by 
aqua  regia ; it  is  more  readily  attacked  when  it  is  in  a state  of  fine 
division.  On  gently  heating  a mixture  of  the  metal  and  common 
salt  in  a current  of  moist  chlorine,  the  former  can  be  converted  into 
the  sodium  salt  of  divalent  chloroiridanion. 

Iridium  forms  three  series  of  compounds  in  which  it  is  di-,  tri-,  and 
tetravalent.  The  divalent  compounds  are  the  least  stable  and  are 
little  known ; the  other  two  series  pass  very  readily  one  into  the 
other,  so  that  it  is  hardly  possible  to  say  which  is  the  more  stable.  In 
both  series  the  typical  compounds  are  the  complex  chloroiridium  ions — 
the  trivalent  chloroiridosion,  IrCl6'",  and  the  divalent  chloroiridanion, 
IrCl0".  The  former  anion  is  green-brown,  the  latter  dark-red.  The 

I change  of  colour  accompanying  the  ready  conversion  of  the  two  series 
into  one  another,  gave  rise  to  the  name  of  the  element  (from  iris,  a 
rainbow). 

Potassium  chloroiridate,  K2IrClG,  resembles  potassium  chloro- 
platinate  in  its  solubility  relations ; it  crystallises  in  small  dark-red 
octahedra,  and  is  obtained  by  heating  a mixture  of  finely  divided 
iridium  and  potassium  chloride  in  a current  of  moist  chlorine  to  a 
gentle  red  heat.  The  corresponding  sodium  salt  crystallises  like  the 
platinum  compound  with  6H20,  and  is  readily  soluble.  By  reduction 
with  sulphurous  acid  in  acid  (or  with  alcohol  in  basic)  solution, 

; chlorine  and  sodium  chloride  are  split  off,  and  sodium  chloroiridite, 

- Na3IrCl6 . 12H20,  which  is  a very  soluble  salt,  is  obtained.  The 
potassium  salt  obtained  in  a similar  manner  from  the  chloroiridate,  is 
■ also  readily  soluble.  Both  are  readily  reconverted  by  oxidising  agents 
into  the  higher  series. 

With  ammonia  iridium  forms  numerous  complex  bases,  which  are 
a:  similar  to  those  of  platinum. 

The  combining  weight  of  iridium  is  Ir  = 193-0. 

Rhodium.— Rhodium  stands  to  iridium  in  a relation  similar  to 
; that  of  palladium  to  platinum.  Like  iridium  it  forms  three  series  of 
( compounds ; in  contrast  with  iridium,  however,  the  highest  series  is 
here  the  least  stable.  This  depression  of  the  region  of  stability 
towards  the  lower  type,  is  present  also  in  the  case  of  palladium 
'<  compared  with  platinum,  and  occurs  in  both  cases  in  the  element  of 
lower  combining  weight. 
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Rhodium  occurs  in  comparatively  small  quantity  in  platinum  ores. 

It  was  discovered  in  1803  by  Wollaston,  and  has  obtained  its  name 
from  the  rose-red  colour  of  its  salts. 

Metallic  rhodium  is  less  refractory  than  iridium,  but  more  so  than- 
platinum.  In  the  pure  state  it  is  ductile  and  has  the  density  12. 
The  finely  divided  metal  has  very  pronounced  catalytic  properties  ; for 
example,  it  decomposes  formic  acid  in  aqueous  solution  into  hydrogen 
and  carbon  dioxide  : H2C02  = H2  + C02,  i.e.  it  so  greatly  accelerates 
this  reaction,  which  takes  place  of  itself  in  very  small  amount,  that  the 
gases  escape  with  effervescence.  Other  organic  compounds  are  also 
changed  in  a similar  manner ; this  is  a proof  that  very  many  of  these 
substances  are  unstable  compounds,  and  gain  an  appearance  of  stability 
only  from  the  slowness  of  their  spontaneous  decomposition. 

The  best  known  compounds  of  rhodium  are  those  of  the  trivalent 
type ; from  these,  apparently,  two  different  chlororhodium  ions,  viz., 
RhCl/'"  and  RhCl6"',  appear  to  be  derived ; salts,  at  least,  of  these 
two  types  are  known.  The  alkali  salts  are  soluble  with  a red  colour 
in  water. 

A fairly  large  number  of  complex  ammonia  compounds  are  also 
known  in  the  case  of  rhodium. 

The  combining  weight  is  Rh  = 103-0. 

Osmium  and  Ruthenium  are  distinguished  in  a very  characteristic 
manner  from  the  other  four  platinum  metals  by  their  property  of 
forming  readily  volatile  oxygen  compounds  j these  aie  produced, 
although  slowly,  by  heating  the  metals  in  the  air,  and  volatilise  with 
the  steam  in  the  treatment  of  the  crude  platinum  ore  with  aqua  regia. 
These  compounds  contain  four  combining  weights  of  oxygen  to  one  of 
the  metal,  and  behave  as  almost  indifferent  substances ; at  all  events, 
the  acid  properties  of  the  hydroxides  (unknown  in  the  free  state) 

are  only  feebly  developed.  J 

Osmium  has  the  density  22‘5  in  the  crystalline  state  and  is  the 
densest  of  all  known  substances.  It  is  almost  infusible,  is  very  hard, 
is  insoluble  in  aqua  regia,  but  passes  slowly  into  the  volatile  tetroxide 
on  heating  in  oxygen.  By  fusion  with  zinc  and  treatment  of  the 
alloy  with  hydrochloric  acid,  it  is  obtained  in  a finely  divided  state  as 
a black  powder,  which,  on  being  heated  in  the  air,  smoulders  and 
forms  the  tetroxide ; from  tin,  however,  it  is  obtained  in  crystals  with 

a metallic  lustre.  1 . , 

Osmiridium,  which  remains  after  treating  the  platinum  ore,  tonus 
hard  silver-white  laminse,  and  is  used  for  tipping  gold  pen-nibs  which 
do  not  wear  down  with  use.  On  being  heated  with  common  salt  in  a 
current  of  wet  chlorine  (vide  supra ) the  osmium  volatilises  in  the  form 

of  the  tetroxide.  , . , 

Osmium  tetroxide  is  a white,  readily  fusible  crystalline  mass  which 

slowly  dissolves  in  water  and  readily  volatilises  with  steam.  It has  a 
strong,  very  unpleasant  smell,  recalling  that  of  chlorine,  and  a high  y 
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I poisonous  action,  because  it  is  reduced  by  the  tissues  to  metallic  osmium, 
which  is  deposited  and  exercises  a continual  irritation ; the  eyes,  more 
especially,  are  powerfully  attacked.  The  solutions  exhibit  oxidising 
actions  but  no  acid  reaction  ; if  an  alkali  is  added,  the  greater  portion 
of  the  tetroxide  can  then  be  distilled  off,  showing  that  the  corre- 
sponding salt 'undergoes  hydrolysis  to  a large  extent,  and  is  therefore 
formed  only  in  very  small  amount. 

Aqueous  solutions  of  osmium  tetroxide  are  used  in  histology  for 
hardening  animal  tissues. 

On  careful  reduction,  the  alkaline  solutions  of  osmium  tetroxide 
are  converted  into  the  salts  of  osmanion,  0s04",  the  acid  not  being 
known  either  in  the  free  state  or  as  the  anhydride.  That  a new  anion 
has  been  formed  is  evidenced  by  the  fact  that  the  liquid,  which  was 
previously  colourless,  becomes  red-violet ; on  addition  of  acids,  how- 
ever, the  osmic  acid  decomposes  into  tetroxide,  which  volatilises,  and 
the  hydroxide  of  tetravalent  osmium,  which  is  deposited  as  a black 
precipitate,  if  any  oxyacicl  has  been  used ; in  hydrochloric  acid, 
however,  the  latter  is  soluble. 

With  chlorine,  osmium  forms  two  chlorosmium  ions,  OsCl0"'  and 
OsClG".  The  former  anion  is  cherry  red,  the  latter  golden  yellow. 
The  salts  of  the  second  series  are  formed  by  treating  osmium  and 
alkali  chlorides  with  moist  chlorine,  those  of  the  first  are  obtained 
by  the  reduction  of  the  latter,  and  are  unstable. 

Finally,  osmium  compounds  of  a divalent  type  have  been  obtained 
by  the  reduction  of  the  higher  compounds.  The  corresponding  salts, 
in  which  the  osmium  is  present  as  a divalent  cation,  are  dark-blue  in 
colour ; they  oxidise  very  readily  to  a higher  stage. 

The  combining  weight  is  Os  = 191. 

Ruthenium  was  discovered  by  Claus  in  1845.  It  is  a grey  metal 

I of  density  11,  which  fuses  only  with  difficulty  but  more  readily  than 
osmium.  It  is  fairly  resistant  to  aqua  regia ; on  fusion  with  caustic 
potash  and  saltpetre  it  is  attacked  with  formation  of  potassium 
ruthenate. 

On  distilling  the  solution  produced  while  a current  of  chlorine  is 
at  the  same  time  passed  through  it,  ruthenium  tetroxide  passes  over  as 
a yellow  crystalline  mass,  which  melts  as  low  as  26°,  and  boils  about 
100°  ; at  this  temperature,  however,  explosions  readily  occur.  It 
seems  to  be  formed  also  in  minute  traces  on  heating  the  metal  in  the 
air.  The  vapour  is  yellow,  and  the  molar  weight  corresponds  to  the 
formula  Ru04.  . It  dissolves  in  water  forming  a yellow  liquid,  which 
is  unstable. 

From  the  oxide,  two  series  of  salts  are  formed  with  bases,  with 
loss  of  oxygen,  viz.,  the  dark  green  perruthenates,  MRu04,  and  the 
orange -red  ruthenates,  M2Ru04;  between  these  two,  therefore,  the 
same  relation  exists  as  between  the  permanganates  and  the  manganates, 
and  their  reciprocal  transformation  also  takes  place  under  perfectly 
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similar  conditions,  the  latter  being  more  stable  in  alkaline  liquids,  the 
former  in  acid  or  neutral. 

With  chlorine,  ruthenium  forms  compounds  of  the  di-,  tri-,  and 
tetravalent  type ; the  last  two  form  hydrochlororuthenium  acids, 
H2RuC1.  and  H2RuC10  ; the  former  are  yellow,  the  latter  red. 

The  combining  weight  of  ruthenium  is  Ru  = 101 ‘7. 


CHAPTER  XLIY 


THE  CHOICE  OF  COMBINING  WEIGHTS  AND  THE  PERIODIC  SYSTEM 

General. — In  the  preceding  chapters  the  question  as  to  which  of  the 
possible  multiples  of  the  combining  weight  of  each  element  is  the  most 
suitable  has  not  been  discussed,  and  we  now  proceed  to  examine 
whether  a general  answer  can  be  given  to  the  question  at  all. 

As  the  most  obvious  rules  for  the  choice  of  the  combining  weights, 
the  two  following  will  evidently  be  laid  down,  viz.  the  formulae  shall, 
in  the  first  place,  be  as  simple  as  possible,  and,  in  the  second  place, 
similar  compounds  shall  have  similar  formulae.  These  two  rules  lead, 
in  many  cases,  to  concordant  results,  in  other  cases,  however,  to  con- 
tradictory ones. 

Thus,  according  to  the  principle  of  simplicity,  the  combining  weight  of 
those  elements  which  form  only  one  compound  with  oxygen  will  be 
chosen,  so  that  the  compound  contains  one  combining  weight  of  each 
element.  This  is,  for  instance,  the  case  with  zinc  and  cadmium,  whose 
oxides  are  written  ZnO  and  CdO.  In  the  second  place,  in  accordance 
with  the  principle  of  similarity,  of  the  two  oxygen  compounds  of  copper, 
cupric  oxide  must  be  formulated  in  agreement  with  zinc  oxide,  because 
these  two  exhibit  various  points  of  similarity  in  their  compounds. 
Hence,  it  follows,  that  cuprous  oxide  must  be  written  Cu20. 

If  now,  we  are  dealing  with  silver  oxide,  we  should,  in  accordance 
with  the  principle  of  simplicity,  write  the  formula  AgO,  and  make 
Ag  = 215'8.  This,  however,  would  be  in  conflict  with  the  second 
principle,  for  the  silver  compounds  are  very  similar  to  the  cuprous 
compounds.  We  have  the  choice,  therefore,  of  violating  the  one  or 
other  principle ; they  cannot  both  be  followed  at  the  same  time. 

Similar  holds  in  the  case  of  iron  and  aluminium.  On  account  of 
its  similarity  to  zinc  oxide  and  cupric  oxide,  ferrous  oxide  must  be 
written  FeO ; from  this,  the  formula  Fe203  would  follow  for  ferric 
oxide.  Aluminium  forms  only  one  oxygen  compound  and  would, 
therefore,  in  accordance  with  the  principle  of  simplicity,  have  to  be 
written  AlO,  A1  being  made  equal  to  40 -5.  In  this  way,  however, 
attention  is  not  paid  to  the  undoubtedly  very  great  similarity  to  ferric 
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oxide,  and  in  order  to  give  expression  to  this,  we  must  write  Al.,0. 
and  thus  violate  the  principle  of  simplicity. 

To  give  effect  to  both  of  the  above  principles  at  one  and  the  same 
time,  is  not  possible  without  producing  contradictions,  and  one  has 
often  to  decide  which  of  the  two  principles,  one  will  violate.  In 
general,  the  principle  of  similarity  has  the  preference. 

Isomorphism. — It  is,  however,  not  easy  in  any  given  case  to 
decide  as  to  the  degree  of  similarity  to  be  taken  into  account.  Silver 
oxide  and  lead  oxide  also  show  a considerable  amount  of  similarity  in 
their  general  relations,  more  especially  in  respect  of  the  solubility  of 
their  salts,  and  yet  the  two  are  differently  formulated,  viz.  Ag90  and 
PbO.  In  order  to  arrive  at  definite  rules,  we  must  give  up  the  general 
“similarity”  and  choose  some  demonstrable  property  as  basis.  In 
isomorphism  (p.  308)  we  obtain  such  a property.  We  shall  therefore 
lay  down  the  principle  : The  combining  weights  shall  be  chosen  such 
that  isomorphous  substances  have  similar  formulae.  As  a matter  of 
fact,  this  principle  can  be  followed  without  obtaining  contradictions, 
and  all  isomorphous  pairs  and  groups  mentioned  in  this  book  have 
received  concordant  formulae. 

A complete  system  of  combining  weights,  however,  cannot  be 
obtained  in  this  way,  since  the  isomorphous  groups  are  mostly  restricted 
to  a small  number  of  compounds,  and  the  relations  existing  between 
elements  belonging  to  different  groups  ( e.g . manganese)  are  not  sufficient 
to  unite  all  the  groups.  Further  aids  must  therefore  be  looked  for. 

The  Molar  Weight.  — Such  an  aid  is  afforded  by  the  conception 
of  molar  or  molecular  weight,  if  we  lay  down  the  condition  that  all 
formulae  corresponding  to  a molar  weight  shall  contain  only  a whole 
number  of  combining  weights  of  the  elements  (p.  88).  The  molar  weight 
is  a number  which  can  be  deduced  from  the  gaseous  density  or  from  the 
depression  of  the  freezing  point  or  elevation  of  the  boiling  point  (p. 
155),  and  which  can  be  determined  independently  of  doubtful  supposi- 
tions, and  purely  by  experiment.  The  question  whether  the  above 
condition  is  fulfilled  can  therefore  be  tested  in  the  case  of  all  sub- 
stances which  can  be  observed  in  the  gaseous  state  or  of  which  solutions 
can  be  prepared.  As  a matter  of  fact,  various  doubtful  cases  have 
been  decided  by  this  means.  Thus,  for  example,  beryllium  was  regarded 
by  many  investigators  as  an  earth  metal,  and  its  chloride  was,  in 
analogy  to  that  of  aluminium,  written  BeCl3,  i.e.  there  was  taken  as 
the  combining  weight  of  beryllium  that  weight  which  was  combined 
with  3 x 35'46  parts  of  chlorine,  viz.  1 3*5.  AVhen,  however,  one 
succeeded  in  determining  the  vapour  density  of  beryllium  chloride  its 
molar  weight  was  found  to  be  80.  From  this  it  follows  that  only  two 
combining  weights  of  chlorine  can  be  contained  in  beryllium  chloride. 
The  combining  weight  of  the  element  must  therefore  be  taken  as  9, 
and  the  chloride  be  written  BeCl2. 

These  considerations,  of  course,  lead  much  further  than  those  of 
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isomorphism  alone,  but  even  they  are  not  perfectly  decisive.  It  is, 
indeed,  conceivable,  although  generally  not  very  probable,  that  besides 
the  compounds  whose  molar  weights  are  known,  other  compounds  of 
a particular  element  exist,  the  molar  weight  of  which  contains  only  a 
fraction  of  the  combining  weight  deduced  from  the  former  compound. 
This  would  not  necessitate  a contradiction  to  the  other  compounds,  but 
would  merely  lead  to  the  assumption  of  several  combining  weights  in 
the  former  compounds.  In  other  words,  from  the  molar  weights  there 
can  be  deduced  only  the  limit  above  which  the  combining  weight  does 
not  lie,  but  it  cannot  be  proved  that  the  combining  weight  is  not  a 
fraction  of  that  hitherto  chosen. 

The  Atomic  Heat. — A law  discovered  in  1818  by  Dulong  and 
Petit,  and  which  has  since  then  been  confirmed  in  many  other  cases, 
admits  of  no  such  doubt.  This  states  that  the  thermal  capacity  of  the 
elements  referred  to  one  combining  weight,  or  the  atomic  heat,  is  constant 
and  equal  to  about  6 calories  or  25  kj  for  each  degree. 

By  the  term  thermal  capacity  of  a body  there  is  understood  the 
ratio  between  the  amount  of  heat  communicated  to  the  body  and  the 
elevation  of  temperature  which  the  latter  experiences.  If,  therefore, 
the  heat  Q is  introduced  into  the  body,  the  temperature  of  which 
thereby  rises  t°,  the  thermal  capacity  of  the  body  is  Jc  = Q/t.  This 
quantity  k is  evidently  inversely  proportional  to  the  weight  of  the 
body  investigated,  for  the  elevation  of  temperature  will  be  smaller 
in  the  same  proportion  as  the  amount  of  substance  increases  to  which 
the  same  quantity  of  heat  is  communicated.  It  has,  however,  also  been 
found  that  equal  weights  of  different  substances  experience  very 
different  elevation  of  temperature  with  the  same  amount  of  heat ; that 
is,  in  other  words,  the  specific  heat  of  different  substances  is  different, 
for  the  term  specific  heat  has  been  applied  to  the  thermal  capacity 
referred  to  the  unit  of  weight.  If,  however,  we  do  not  consider 
equal  weights,  but  weights  which  are  in  the  ratio  of  the  combining 
weights,  these  quantities  of  substance  have  the  same  thermal  capacity  when 
we  are  dealing  -with  the  elements  in  the  solid  state.  Calling  the 
thermal  capacity  referred  to  the  combining  or  atomic  weight,  by  the 
name  atomic  heat,  the  law  states  that  the  atomic  heats  of  the  solid 
elements  are  equal. 

This  law  is  not  universally  valid.  In  the  first  place,  as  above- 
mentioned,  it  is  valid  only  for  the  solid  state ; liquid,  and  especially 
gaseous  elements,  are  not  subject  to  it.  Further,  it  is  valid  not  for  all 
solid  elements,  but  only  for  those  whose  combining  weight  is  not  less 
than  30.  The  elements  which  are  below  this  limit  have,  in  the  sense 
of  the  law,  too  small  an  atomic  heat. 

Result. — If  we  now  ask  how  these  different  principles  for  the 
choice  of  the  combining  weight  can  be  united,  in  so  far  as  they  affect 
the  same  elements,  we  find  that  they  agree  well  with  one  another.  A 
system  of  combining  weights  can  be  drawn  up  which  allows  of  the 
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expression  of  all  isomorphism  relations  by  concordant  formulae,  and  of 
all  molar  weights  by  integral  values  of  the  combining  weights,  and 
whereby  also  the  atomic  heats  of  the  solid  elements  (with  combining  • 
weight  above  30)  are  expressed  by  approximately  the  same  numbers. 
These  are  the  combining  weights  of  which  use  has  continually  been 
made  in  this  book,  and  which  are  at  the  present  day  universally  ,1 
accepted  by  the  chemists  of  all  countries.  Nowhere  in  this  work  has 
it  been  necessary  to  write  formulae  representing  actually  determined 
molar  weights  with  fractions  1 of  the  combining  weights.  Further,  in 
all  cases  of  isomorphism,  the  formulae  of  isomorphic  compounds  are 
similar,  and  that  the  rule  of  Dulong  and  Petit  is  fulfilled  is  seen  from 
the  following  table  : — 


kj. 

kj.' 

f Lithium 

28 

Molybdenum 

29 

Beryllium 

16 

Ruthenium 

26 

Boron  .... 

18  to  17 

Rhodium  . 

25 

Carbon .... 

3 to  23 

Palladium  . 

27 

Sodium 

28 

Silver 

26 

Magnesium  . 

26 

Cadmium  . 

26 

Aluminium  . 

24 

Indium 

27 

^Silicon  .... 

16  to  24 

Tin  . 

27 

Phosphorus  . 

23 

Antimony  . 

26 

Sulphur 

24 

Tellurium  . 

25 

Potassium  . 

27 

Iodine 

28 

Calcium 

28 

Lanthanum 

26 

Chromium  . 

26 

Tungsten  . 

26 

Manganese  . 

28 

Iridium 

26 

Iron  .... 

26 

Platinum  . 

26 

Cobalt  .... 

26 

Gold  . 

26 

Nickel  .... 

27 

Osmium 

26 

Copper  .... 

25 

Mercury 

27 

Zinc  .... 

26 

Thallium  . 

28 

Gallium 

23 

Lead  . 

27 

Arsenic 

26 

Bismuth  . 

26 

Selenium 

25 

Thorium  . 

27 

Zirconium  . 

25 

Uranium  . 

28 

The  Periodic  System. — Attention  has  been  repeatedly  drawn  to 

the  existence  of  regularities  between  the  combining  weights  of  similar 
elements,  which  generally  assumed  the  form  that  the  differences  in  the 
numerical  values  of  corresponding  elements  in  different  groups  are 
approximately  equal.  The  question  here  arises  whether  we  are  dealing 
with  any  fairly  general  regularity,  and  if  so  how  this  is  to  be  expressed. 

The  answer  has  been  sought  for  in  very  different  ways.  As  usual, 
the  simplest  has  been  arrived  at  last.  If  the  elements  are  arranged  in 
a series  simply  according  to  the  numerical  values  of  the  combining 
weights  without  regard  to  any  other  circumstance,  the  following  is  the 
result. 

1 111  some  few  cases  fractions  have  been  written  in  the  statement  of  the  water  of 
crystallisation  of  salts.  Since,  at  present,  molar  weights  can  be  determined  only  for 
gases  or  vapours  and  for  dissolved  substances,  but  not  for  solid  substances,  no  con- 
tradiction exists. 
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In  this  series  similar  elements  always  occur  at  regular  intervals.  If 
then  the  series  is  divided  into  a number  of  sections,  so  that  each  section 
commences  with  a member  of  a definite  family,  it  is  found  that  the 
second,  third,  and  following  positions  of  the  sections  are  also  filled  by 
elements  corresponding  to  one  another. 

The  table  on  p.  764  has  arisen  by  dividing  the  series  of  the  elements, 
as  determined  by  the  values  of  the  combining  weights,  into  such 
sections ; these  sections  have  then  been  placed  one  below  the  other. 
In  this  way  perpendicular  columns  are  obtained  in  which  similar  or 
related  elements  stand  under  one  another. 

The  different  rows  have  also  been  alternately  shifted  somewhat  re- 
latively to  one  another.  As  can  be  seen,  the  mutual  relation  between 
those  elements  which  are  most  closely  allied  to  one  another  thereby 
receives  better  expression. 

Thus,  in  the  column  headed  0,  we  find  all  the  elements  of  the 
argon  type,  which  are  distinguished  by  their  inability  to  form  chemical 
compounds.  Under  I.  there  are,  on  the  one  hand,  the  monovalent 
alkali  metals,  on  the  other  hand  the  monovalent  heavy  metals,  copper, 
silver,  gold. 

Under  II.  there  stand  the  divalent  alkaline  earth  metals,  and 
along  with  them,  the  heavy  metals  of  the  zinc  group. 

Under  III.  are  the  earth  metals  along  with  the  corresponding  heavy 
metals  gallium  and  indium. 

Under  IY.  the  tetra valent  elements  are  found.  The  first  repre- 
sentatives of  these  have  no  longer  a metallic  character,  just  as  the 
first  non-metal  appeared  in  the  preceding  group  in  the  case  of  boron ; 
the  metals  of  the  titanium  group  on  the  one  hand,  and  of  the  tin 
group  on  the  other,  then  follow. 

Column  V.  also  contains,  to  begin  with,  non-metals  which  can  act 
as  trivalent  or  as  pentavalent ; in  the  lower  portion  there  are  the 
corresponding  tri-  and  pentavalent  metals. 

In  column  VI.  are  di-  and  hexavalent  elements ; the  non-metallic 
character  can  be  followed  further  down  the  column. 

Column  VII.  contains  the  typical  non-metals,  the  halogens,  which 
i can  act,  on  the  one  hand,  as  monovalent,  on  the  other  hand,  as 
heptavalent. 

Finally,  the  last  column  contains  the  two  families  of  the  iron 
metals  and  the  platinum  metals,  which  do  not  quite  fall  into  line 
with  the  rest  of  the  system. 

In  all  these  columns  the  general  rule  can  be  observed  that  the 
basic  properties  ( i.e . the  tendency  to  form  cations)  increases  with 
increasing  combining  weight ; the  power  of  forming  anions,  however, 
decreases. 

As  can  be  seen,  the  table  is  not  complete,  but  contains  many 
] positions  unfilled.  It  cannot  be  otherwise,  for  there  is  no  justification 
1 for  the  assumption  that  all  existing  elements  have  already  been  dis- 
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covered  and  investigated.  It  is,  however,  worthy  of  notice  that  up  to 
the  combining  weight  140,  scarcely  an  element  is  wanting.  At  this 
point  there  is  a large  blank,  and  only  between  170  and  240  is  there 
again  some  degree  of  completeness.  At  the  time,  about  1860,  when 
the  regularities  above  described  were  discovered  by  Newlands,  L. 
Meyer,  and  Mendeleof,  many  more  of  the  elements  were  wanting,  and 
it  was  possible,  according  to  the  law  of  similarity,  to  predict  with  very 
fair  approximation,  the  properties  of  those  elements  whose  places  were 
empty.  In  this  way  Mendel^ef,  especially,  predicted  the  properties  of 
several  elements  unknown  at  that  time,  and  the  discoveries  which  were 
subsequently  made  amply  confirmed  most  of  these  predictions. 

Besides  the  general  relations  of  chemical  combination,  the  arrange- 
ment of  the  elements  according  to  the  magnitude  of  their  combining 
weights  affords  a fairly  complete  systematisation  of  the  physical  pro- 
perties, both  of  the  free  elements  and  of  their  corresponding  compounds. 
Thus,  on  passing  continuously  along  the  horizontal  rows,  we  pass 
through  a regular  transition  from  the  region  of  the  metals  to  that  of 
the  non-metals,  to  again  commence  with  metals  at  the  beginning  of  a 
new  row.  t 

The  whole  series,  then,  falls  into  a number  of  periods,  and  the 
whole  system  has  therefore  received  the  name  periodic  law.  The 
periodic  character  is  seen  most  clearly  by  graphically  representing 
definite  properties  of ' the  elements.  Such  a representation  is  given 
in  Fig.  122  of  two  properties,  the  atomic  volume1  and  the  melting 
point. 

Most  of  the  properties  of  the  elements,  so  far  as  they  can  be 
measured,  yield  similar  figures,  so  that  it  has  been  stated  generally : 
The  p'operties  of  the  elements  are  periodic  functions  of  their  combining 
weights. 

The  same  relations  are  seen  also  in  the  case  of  comparable 
compounds,  e.g.  the  oxid-es,  chlorides,  sulphides,  etc.,  in  respect  of 
their  different  properties.  Compare,  for  example,  the  solubility 
relations  of  the  chlorides  of  the  elements  and  their  behaviour 
generally  with  water,  in  the  light  of  the  table. 

The  form  of  the  above  regularities,  finally,  leads  to  the  view  that 
the  values  of  the  combining  weights  themselves  must  stand  in  a 
regular  relation  to  one  another.  The  first  idea  is  that  the  members 
are  characterised  by  constant  differences  of  their  combining  weights. 
We  can  at  once  satisfy  ourselves,  however,  that  only  a very  rough 
approximation  to  such  a relation  exists.  Thus,  for  example,  the 
differences  between  the  corresponding  elements  of  the  first  and  second 
horizontal  series  amount  to,  16,  16,  15'3,  16T,  16‘4,  1 7 '0,  16T,  16 ‘5, 
and  is  therefore  fairly  constant  although  the  deviations  are  far  above 


I-  1 By  atomic  volume  is  meant  the  product  of  the  extensity  and  the  combining  weight.  . 
( In  accordance  with  the  definition  of  extensity  (p.  27),  it  represents  the  volume  in  cc. 
occupied  by  the  combining  weight  in  grams  of  the  particular  element. 
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the  possible  errors  in  the  determination  of  the  combining  weights. 
The  third  and  fourth  rows,  however,  give  the  differences  25,  24'5, 
25-4,  27-9,  23-9,  23*8,  27'0,  25-0,  and  these  exhibit  much  larger  and 
irregular  variations.  A complete  table  of  the  existing  differences 
shows  that  no  apparent  regularity  is  present,  and  there  remains  there- 
fore in  these  numbers  an  element  of  chance,  i.e.  of  the  unknown,  which 
one  has  not  yet  succeeded  in  overcoming. 

With  this  there  is  connected  the  fact  that  in  the  two  cases  argon- 
potassium  and  tellurium-iodine,  the  principle  of  strict  sequence  accord- 
ing to  the  magnitude  of  the  combining  weight,  must  be  violated,  in 
order  not  to  come  into  conflict  with  facts-,  for  in  both  cases,  the  larger 
and  not  the  smaller  of  two  neighbouring  combining  weights  comes 
first.  In  both  cases  the  general  position  of  the  elements  is  so  un- 
doubted that  there  has  never  been  any  uncertainty  as  to  where  they 
should  be  placed  in  the  table ; the  hope,  however,  that  a more  exact 
determination  of  the  combining  weights  would  establish  the  expected 
order  of  sequence,  has  not  been  fulfilled. 

It  is  also  not  to  be  denied  that  several  arrangements  occur  in 
the  table  which  do  not  correspond  very  well  to  the  chemical  re- 
lations. Thus,  copper  and  mercury,  which  have  a very  great  chemical 
similarity,  occur  in  different  columns ; likewise,  barium  and  lead, 
thallium  and  silver.  Other  points  might  also  be  cited  in  which 
the  arrangement  given  by  the  periodic  system  is  by  no  means  the 
most  natural. 

To  the  question,  then,  as  to  what  position  should  be  adopted  with 
regard  to  these  and  similar  imperfections  of  the  periodic  system,  we 
would  say,  that  we  are  here  not  dealing  with  a law  of  nature  in  the 

! strict  sense,  but  with  a principle  of  classification  of  not  very  exactly 
defined  things.  AVhat  we  call  the  chemical  character  of  an  element 
and  employ  for  the  estimation  of  its  similarities  and  differences  with 
respect  to  other  elements,  is  made  up  of  the  sum  total  of  the 
chemical  processes  and  physical  properties  known  to  us  which 
this  element  and  its  compounds  exhibit.  It  must,  however,  be  at 
once  admitted  that  our  knowledge  of  these  processes  and  properties 
is  incomplete  and  highly  one-sided.  It  is  incomplete  even  by  reason 
! of  the  limitation  of  all  human  knowledge;  it  is  one-sided  in  the 
highest  degree  because  of  all  possible  chemical  processes,  those  occur- 
ring at  medium  and  slightly  higher  temperatures  are  known  with 
incomparably  greater  thoroughness  than,  for  example,  the  processes 
occurring  at  much  higher  temperatures.  A further  and  very  great 
> degree  of  one-sidedness  consists  in  the  preference  given  to^  the 
chemical  processes  taking  place  in  aqueous  solution,  which  the 
special  properties  of  the  large  class  of  saline  compounds  has  urged 
i upon  us.  Their  technical  and  physiological  importance  is  certainly 
much  greater  than  that  of  the  other  processes,  but  for  purposes 
of  systematisation  they  ought  not  to  receive  the  preference  if  we 
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would  take  all  properties  into  consideration.  To  employ  a picture 
we  know  only  a certain,  and,  in  part,  somewhat  arbitrarily  cut  sec- 
tion of  the  great  organism  of  chemical  facts,  while  the  rest  of  the 
body  remains  almost  a secret  to  us.  We  must  not  therefore  be 
surprised  if  in  this  chance  section  we  cannot  gain  a view  of  the 
laws  ruling  the  whole  organism. 
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Abraumsalts,  449 
Absciss®,  74 
Absorption,  379 
Abstraction,  3 
Accumulator,  lead,  653 
Accuracy,  degree  of,  9 
Acetic  acid,  398 
Acetone,  524 
Acetylene,  405,  525 
generator,  automatic,  526 
tetrabromide,  30 
Acid  chlorides,  302 
Acids,  85,  184 
and  bases,  184 

combining  proportions  of,  185 
polybasic,  493 

preparation  from  their  salts,  205 
strength  of,  241 
Active  amount,  101 
Aerated  waters,  388 
Affinity,  predisposing,  357,  361 
Air,  315 
analysis  of,  316 

behaviour  during  combustion,  36 
Albite,  494,  557 
! Albuminoids,  313 
'Alcohol,  ethyl,  403 
methyl,  401 
'Alcohols,  401 
(Alkali,  mineral,  468 
vegetable,  468 
(Alkaline  earth  metals,  507 
(Alkaloids,  739 
(Allotropy,  80 
■Alum,  554 
burnt,  555 
Alumina,  550 
(Aluminates,  550 
Aluminum,  549 
Aluminium,  53,  548 
>si  acetate,  558 

amalgamated,  549 
bromide,  553 
: chloride,  552 

3 


Aluminium  chloride,  molar  weight  of,  553 
synthesis  with,  553 
combining  weight,  142 
double  silicates  of,  557 
fluoride,  553 
hydroxide,  550 
iodide,  553 
phosphate,  558 
silicate,  556 
sulphate,  554 
basic,  554 
Amethyst,  419 
Amido-eompounds,  342 
Ammonia,  336 

compound  with  calcium  chloride,  516 
compounds  of  mercury,  669 
Ammonion,  338,  501 
Ammonium,  500 
amalgam,  501 
bromide,  503 
carbonate,  504 
chloride,  502 
dissociation  of,  503 
hydrolysis  of,  503 
hydrosulphide,  505 
hydroxide,  501 
iodide,  503 

magnesium  phosphate,  536 
nitrate,  504 
nitrite,  504 
phosphate,  504 
platinochloride,  751 
polysulphides,  506 
sesquicarbonate,  505 
sulphate,  504 
sulphide,  505 
as  reducing  agent,  506 
thioaurate,  745 
thiovanadate,  717 
vanadate,  715 
Ampere,  149,  193 
Analysis,  indirect,  472 
Anatase,  726 
Anglesite,  648 
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Anhydride,  210 
Anhydrite,  519 
Aniline  black,  452 
Anions,  191 
Anode,  138  , 
mud,  644 
Anorthite,  557 
Anthracite,  378 
Antichlor,  297,  487 
Antimonic  acid,  702 
Antimonious  chloride,  699 
Antimony,  58,  697 
alloys  of,  705 
butter  of,  699 
combining  weight,  142 
complex  compounds,  702 
glance,  58,  700 
golden  sulphur  of,  704 
hydride,  704 
hydroxide,  699 
ions,  698 

pentachloride,  702 
pentasulpliide,  703,  704 
tribromide,  700 
trichloride,  699 
trifluoride,  700 
tri-iodide,  700 
trisulphide,  700 
vermilion,  702 
Antimonyl  tartaric  acid,  7 02 
Apatite,  523 

Apparatus  for  generating  sulphuretted 
hydrogen,  270 
Aqua  fortis,  321 
regia,  334 
Aragonite,  511 
Arfvedson,  499 
Argenticyanidion,  681 
Argention,  675 
Argon,  51,  315,  432 
combining  weight,  142 
Argyrodite,  728 
Arrhenius,  197 
Arsenic,  49,  706 
acid,  713 
amorphous,  706 
combining  weight,  142 
hydride,  711 
mirror,  712 
pentasulphide,  714 
pentoxide,  713 
trichloride,  709 
trioxide,  707 
trisulphide,  710 
Arsenious  acid,  708 
Asymptotes,  76 
Atacamite,  630 
Atom,  147 
Atomic  heat,  761 
hypothesis,  146 
volume,  765 


Atomic  weight,  147 
Auric  hydroxide,  744 
Auricyanidion,  745 
Aurion,  743 

Aurithiosulphuric  acid,  747 
Aurous  chloride,  7 44 
sulphide,  745 
Avogadro,  149 
Azurite,  636 

Balance,  24 
Balard,  224 
Baloons,  aerial,  90 
Barium,  53,  541 
aurate,  744 
carbonate,  543 
chloride,  543 
chromate,  606 
combining  weight,  142 
cyanide,  465 
nitrate,  544 
oxide,  541 
peroxide,  544 
platinocyanide,  753 
sulphate,  542 
Baryta,  541 
Barytes,  542 
Base,  151 

Bases  and  acids,  184 

combining  proportions  of,  185 
Bath  potential,  616 
Bauxite,  551 
Bell-metal,  724 
Benzene,  30 
Beryllion,  545 
Beryllium,  53,  545 
combining  weight,  142,  545 
hydroxide,  545 

nYlfiP 

Berzelius,  135,  148,  508,  729 
Bessemer  process,  584 
Bismuth,  58,  693 
chloride,  695 

combining  weight,  142,  693 
hydroxide,  694 
iodide,  695 
nitrate,  694 
oxide,  694 
oxychloride,  695 
pentoxide,  696 
subnitrate,  694 
sulphate,  694 
sulphide,  695 
thiosulphuric  acid,  694 
Bismuthion,  694 
Bismuthyl,  695 
Black  ash,  491 
Blast  furnace,  584 
Bleaching  powder,  166,  516 

decomposition  by  catalysers,  518 
determination  of  available  chlorine  in, 
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Bloude,  618,  623 
Blood  corpuscles,  584 
i Blow-pipe,  527,  528 
Bodies,  1,  5 
Boiler  explosions,  127 
incrustation,  515 
Boiling,  120 
point,  120 
Bone-ash,  362,  522 
Borax,  51,  430,  494 
glass,  495 
octahedral,  495 
prismatic,  495 
Boric  acid,  429 
Boron,  51,  428 

combining  weight,  142 
nitride,  431 
trichloride,  430 
trifluoride,  431 
trioxide,  429 
Boyle,  60 

Boyle’s  law,  67,  76 
Brass,  618 
Braunite,  588 
Bredig,  750 

Britannia  metal,  705,  724 
Bromic  acid,  228 
Bromidion,  227 
Bromine,  46,  224 
combining  weight,  142,  229 
oxyacids,  228 
Bronze,  724 
Brookite,  726 
Bumping,  127 

Bunsen,  60,  409,  497,  499,  530,  548 
and  Graham’s  law  of  effusion,  94 
burner,  409 
Burette,  186 

Cadmion,  624 
Cadmium,  55,  623 
amalgam,  625 
chloride,  624 
combining  weight,  624 
iodide,  624 
sulphate,  624 
sulphide,  625 
1 Cfesium,  52,  497 

combining  weight,  142,  497 
Calamine,  622 
siliceous,  623 
1 Calcion,  508 
i Calcium,  53,  507,  508 
acetate,  524 
bicarbonate,  514 
bromide,  518 
carbide,  525 
carbonate,  511 
amorphous,  511 
dissociation  pressure,  512 
chloride  515 


Calcium  chloride  application  for  freezing 
mixtures,  516 

compound  with  ammonia,  516 
desiccating  agent,  516 
combining  weight,  142,  529 
felspar,  557 
fluoride,  518 
hydrosulphide,  521 
hydroxide,  509 
hypochlorite,  516 
iodide,  518 
manganite,  590 
metaphosphate,  523 
nitrate,  519 
oxalate,  524 
oxide,  509 
phosphate,  522 
plumbate,  653 
polysulphides,  521 
silicate,  526 
sulphate,  519 
sulphide,  521 
Calcspar,  511 
Calomel,  660 
Calorie,  117 

Caoutchouc,  vulcanising  of,  301 
Carbamide,  393 
Carbaminic  acid,  394 
Carbon,  376 

circulation  of,  389 
combining  weight,  390 
dioxide,  383 
liquid,  387 
disulphide,  411 
monoxide,  394 
oxychloride,  392 
oxysulphide,  412 
Carbonates,  388 
Carbonic  acid,  388 
amides  of,  392 
detection  of,  391 
snow,  387 
Carbonisation,  50 
Carbonyl  chloride,  392 
Carborundum,  427 
Carburetted  gas,  408 
Carnallite,  52,  449,  533 
Cast-iron,  563 
• grey,  564 
white,  564 
Cast-steel,  563 
Catalysers,  negative,  105 
positive,  105 
Catalysis,  104,  157 
Catalytic  actions,  650 
of  iron,  583 

of  oxides  of  nitrogen,  334 
Cations,  191 
Cathode,  192 
Celestine,  540 
Centimetre,  5 
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Cerium,  54 

combining  weight,  142 
Cerussite,  650 
Chalcedony,  420 
Chamber  acid,  286,  333 
Characteristics  of  substances,  12 
Charcoal,  376 
sugar,  377 
wood,  377 
Chemical  energy,  21 
forces,  99 
phenomena,  1 
values,  25 

Chili  saltpetre,  318,  480 
Chlorates,  formation,  210 
Chlorformic  acid,  392 
Chloric  acid,  210 
Chloride,  172 
Chlorine,  46,  165 
chemical  properties,  167,  171 
combining  weight,  142,  222 
detonating  gas,  176 
dioxide,  220 
hydrate,  170 
monoxide,  209 
oxy-eompounds  of,  203 
peroxide,  220 
preparation,  166 

water,  decomposition  of,  in  light,  169 
Chlorite,  221 
Chlorocarbonic  acid,  392 
Chlorochromic  acid,  608 
Chloroform,  400 
Chloroiridanion,  755 
Chloroiridosion,  755 
Chlorophyll,  584 
hlorous  acid,  221 
Chlorsulphonic  acid,  302 
Chromanion,  604 

Chromate  as  reagent  for  hydrogen  peroxide, 
609 

Chromate  mixtures,  light-sensitive,  607 
Chrome  alum,  604 
iron-stone,  55,  602 
orange,  648 
red,  648 
yellow,  648 
Chromic  acid,  604 
acids,  604 
chloride,  603 
compounds,  602 
hydroxide,  602 
oxide,  602 
sulphate,  603 
Chromium,  55,  600 

combining  weight,  142,  600 
metallic,  600 
passive,  601 
trioxide,  605 
Chromous  acetate,  602 
chloride,  602 


Chromous  compounds,  601 
hydroxide,  602 

Chromsulphuric  acids,  complex,  604 
Chromyl  chloride,  608 
fluoride,  609 
Cinnabar,  666 
hepatic,  667 
Claudetite,  707 
Claus,  757 
Clay,  53,  556 
firing  of,  556 
Coal,  bituminous,  378 
brown,  378 
gas,  407 
Cobalt,  54,  610 
ammonia,  613 
catalysis  with,  207 
chloride,  611 

combining  weight,  142,  610 
complex  salts,  613 
hydroxide,  611 
metallic,  610 
nitrate,  611 
silicates,  612 
sulphate,  612 
sulphide,  612 
Cobaltic  salts,  613 
Cobalticyanidion,  613 
Cobaltinitrosion,  613 
Cobaltocyanidion,  613 
Coke,  378 

Collodium  process,  680 
Colloidal  solutions,  710 
state,  420 
Colour,  7,  12 

of  solid  substances,  13 
Combining  proportions,  law  of  constant,  39 
Combining  weights  of  the  elements,  141, 1 42 
law  of,  139 
choice  of,  759 

Combining  weight  of  barium,  541 
beryllium,  545 
bismuth,  693 
cadmium,  624 
caesium,  497 
calcium,  529 
carbon  390 
chlorine,  222 
chromium,  600 
cobalt,  610 
copper,  627 
gallium,  718 
gold,  743 
indium,  718 
iridium,  755 
lead,  645 
lithium,  497 
manganese,  586 
mercury,  657 
molybdenum,  738 
nickel,  610 
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Combining  weight  of  osmium,  756 
palladium,  754 
potassium,  437 
rhodium,  756 
rubidium,  497 
ruthenium,  758 
silicon,  418 
silver,  674 
sodium,  496 
strontium,  539 
thallium,  692 
thorium,  729 
titanium,  727 
tungsten,  736 
uranium,  732 
vanadium,  717 
zinc,  619 

Combustible  substances,  existence  of,  64 
Combustion,  34,  63 
of  hydrogen,  97 
slow,  65 

without  oxygen,  172 
Complementary  colour,  12 
Complex  salts,  534 
in  the  voltaic  cell,  682 
Complex  compounds  of  platinum,  750 
Compound,  39 
saturated,  402 
substance,  39 
unsaturated,  404 

Compressibility  of  water,  coefficient  of,  114 
Concentration,  99 
Conceptions,  3 
Condensed  acids,  430 
Conditions,  7 
Conductors,  190 
Conservation,  laws  of,  16 
of  energy,  31 
of  mass,  18 
of  matter,  19 
of  the  elements,  60 
of  weight,  18 
of  work,  20 
Constitution,  368 
Constitutional  formulas,  302 
Continuity,  law  of,  111 
Co-ordinates,  73 
Copper,  56,  626 
acetate,  636 
black,  643 
carbonate,  636 
combining  weight,  142,  627 
compounds,  complex,  642 
ferrocyanide,  637 
glance,  642 
hydroxide,  628 
ions  of,  627 
metallurgy,  643 
nitrate,  636 
ore,  red,  640 
sulphate,  630 


Copper  sulphide,  636 
vitriol,  630 

Corrosive  sublimate,  662 
Corundum,  551 
Coulomb,  193 
Counter-currents,  108,  455 
Coupled  processes,  203 
Covellite,  636 

Covering  power  of  pigments,  621 
Critical  phenomena,  384 
point,  385 
Croceo-salts,  615 
Crude  iron,  584 
Cryolite,  554 

Crystalline  forms,  derived,  264 
substance,  115 
Crystallisation,  254 
Crystals,  260 
forms  of,  261 
properties  of,  264 
symmetry  of,  262 
systems  of,  262 
Cubic  centimetre,  5 
Cupric  chloride,  629 
hydroxide,  628 
sulphide,  636 
Cuprous  bromide,  641 
chloride,  640 
compounds,  639 
cyanidion,  643 
iodide,  641 
oxide,  639 
sulphide,  642 
thiocyanate,  642 
Cyanic  acid,  415 
Cyanogen,  412 

compounds  of  iron,  578 

Daguerre,  679 
Dalton,  68,  148 
law  of,  68 

Dalton’s  law  of  partial  pressures,  93 
Daniell  burner,  102 
cell,  632 

Davy,  60,  436,  508 
Deacon’s  process,  166 
Decimetre,  5 
Decomposition,  39 
Deduction,  40 

Deliquescent  substances,  152 
Density,  27 

of  water  vapour,  122 

Desiccating  agent,  calcium  chloride  as,  516 

Desiccator,  123 

Detonating  gas,  103 

Developer,  486 

Development,  678 

Devitrification,  526 

Dialysed  iron,  571 

Dialysis,  421 

Diamide,  346 
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Diamond,  382 
Diaspore,  551 
Dibasic  acids,  267 
Dicalcium  phosphate,  522 
Dichromanion,  605 
Dichromic  acid,  605 
Dicliromion,  600 
Dicuprion,  627 
Diferrion,  564 
Diffusion,  92 
of  gases,  225 
Dimangauion,  587 
Dimensions,  4 
Dimercurammonium,  669 
Dimercurion,  658 
Dinitropyrosulphuryl,  334  $ 

Disodium  phosphate,  493 
Displacement,  99 

Dissociation,  electrolytic,  difference  in,  242 
of  electrolytes,  196 
of  iodine  vapour,  231 
Distannion,  721 
Distillation,  107 
dry,  378 
fractional,  157 

under  diminished  pressure,  157 
Distribution,  law  of,  230 
and  law  of  solution,  272 
Disulphamiuic  acid,  343 
Dithionic  acid,  298 
Dobereiner,  749 
Dolomite,  53,  536 
Double  salts,  534 
Drying  gases,  87 
process  of,  124 
Dulong,  135,  761 

Earth  metals,  547,  559 
Efflorescence,  265 

Effusion,  Graham  and  Bunsen’s  law,  94 
velocity  of,  93,  94 
Electrical  deposition  of  metals,  615 
potential,  634 
units,  193 

Electricity,  amount  of,  193 
Electrodes,  191 
Electrolysis,  138,  190 

of  magnesium  chloride,  530 
primary  and  secondary  products  of,  195 
Electrolytes,  190 
dissociation  of,  196 

Electrolytic  dissociation,  difference  of,  242 
precipitation,  637 
solutions,  197 
Electroplating,  615 
Electrotyping,  631 
Element,  conception  of,  59 
Elements,  43 

combining  weights  of,  141 
conservation  of,  law  of,  60 
Emery,  551 


Enantiotropy,  255 
Energy,  21 

conservation  of,  31 
forms  of,  30 
free,  208 
latent,  208 
Epsom  salts,  52 
Equations,  chemical,  145 
Equilibrium,  chemical,  100,  205,  325 
constant,  441 

influence  of  solid  substances  on,  101 
temperature  on,  327 
law  of,  132 
states  of,  130 

Erbium,  combining  weight,  142 
Erg,  23 

Error,  experimental,  17 
Etching  glass,  426 
Ether,  404 
ethyl,  404 
Ethylene,  405 
Eutectic  mixtures,  688 
point,  688 
Evaporation,  150 
Exciting  salt,  503 
Expansion,  coefficient  of,  112 
law  of,  74 
of  gases,  69 
Experience,  2 
Explosive  properties,  159 
Explosives,  504 
Extensity,  27 

of  water  vapour,  122 
Extrapolation,  75,  111 

Faience,  557 
Faraday,  137 
first  law  of,  192 
second  law  of,  194 
Fats,  50 

Fehling’s  solution,  643 
Felspar,  557 
Ferrates,  577 
Ferric  acetate,  576 
acid,  577 
bromide,  574 
chloride,  573 
fluoride,  574 
hydroxide,  570 
colloidal,  571 
iodide,  574 
oxalate,  582 
phosphate,  576 
salts,  573 
sulphate,  575 
thiocyanate,  575 
Ferricyanides,  580 
Ferricyauidion,  581 
Ferroeyanidion,  578 
Ferrous  ammonium  sulphate,  5/0 
bromide,  570 
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Ferrous  carbonate,  570 
chloride,  570 
hydroxide,  568 
iodide,  570 
oxalate,  582 
seleuide,  307 
sulphate,  568 
Fire-air,  37 
Firing  of  clay,  556 
Fixing,  487 

Flame,  temperature  of,  161 
Flasks,  distilling,  107 
Flaveo-salts,  615 
Flint,  419 
Flue-dust,  285 
Fluorescence,  519 
Fluorine,  46,  238 

combining  weight,  142 
Fluorotitanion,  726 
Fluorspar,  46,  239,  519 
Force,  23 

Forces,  chemical,  84,  99 
Formamide,  415 
Formic  acid,  397 
Formulae,  chemical,  144 
Fossils,  515 
Free  energy,  208 
Freedom,  degrees  of,  72,  128 
Freezing  mixtures,  118 

application  of  calcium  chloride  for,  516 
Fuming  of  substances  in  air,  183 
Furnace,  electrical,  525 
Fusion  by  pressure,  129 
heat  of,  117 

Gadolinium,  combining  weight,  142 
Gahn,  348 
Galena,  56,  651 
Gallic  chloride,  718 
hydroxide,  718 
sulphate,  718 
Gallion,  718 
Gallium,  58,  715,  717 
combining  weight,  142,  718 
Gas,  14 
burette,  316 
constant,  R,  89 
engines,  408 
ideal,  90 
law,  89 
general,  71 

laws,  geometrical  representation  of,  73 
liquor,  407 
tar,  407 

Gases,  solubility  of,  271 
Gay-Lussac,  68,  139,  150 
law  of,  68 
tower,  333 

Geological  reactions,  421 
German  silver,  55,  615 
Germanium,  59,  727 


Germanium  chloroform,  728 
combining  weight,  142 
dioxide,  727 
sulphide,  728 
tetrachloride,  727 
Gibbs,  W.,  171 
Gilding,  electro-,  746 
Glass,  421,  494,  526 
blowing,  528 
coloured,  528 
etching  of,  426 
manufacture,  527 
uranium,  734 
ware,  526 
window,  526 
Glauber,  482 
Glauber’s  salt,  52,  482 
Glaze,  557 
Glover  tower,  333 
Gold,  59,  742 
chloride,  744 
double  salts,  744 
combining  weight,  142,  743 
compounds,  743 
complex,  745 
hydroxide,  744 
metallurgy,  747 
salt,  744 

Goldschmidt,  H.,  600 
Graduation,  477 
Gram,  23 
Graphite,  381 
Gunpowder,  463 
Gypsum,  47,  519 
dead  burnt,  520 

Haematite,  571 
Haemoglobin,  395 
Halogens,  45 

general  remai'ks  on,  248 
thermochemistry,  250 
Hard  lead,  705 
solder,  495 

Hardness  of  water,  515 
Hartshorn,  spirit  of,  339 
Hausmannite,  588 
Heat  of  formation,  162 
of  water,  160 
of  solidification,  117 
of  vaporisation  of  water,  125 
unit  of,  117 
Heavy  spar,  542 
Helium,  51,  434 

combining  weight,  142 
Henry,  271,  387 
law  of,  271 

Hermetical  sealing,  18 
Heterogeneous  states,  386 
Hexagonal  system,  264 
Hexavanadic  acid,  715 
Homogeneous  substance,  8 
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Homologous  series,  403 
Hope,  539 
Horn-silver,  676 
Hour,  4 
Humboldt,  139 
Hydrargillite,  551 
Hydrates,  135 
Hydrazine,  346 
Hydrazoic  acid,  346 
Hydriodic  acid,  234 
preparation,  233 
Hydriodobismutliic  acid,  695 
Hydrochloric  acid,  178 
Hydrochloroauric  acid,  744 
Hydrocliloroindic  acid,  719 
Hydrochloromercuric  acid,  663 
Hydrocliloropalladic  acid,  754 
Hydrochloroplatinic  acid,  751 
Hydrochlororuthenic  acid,  758 
Hydrochlorosmic  acid,  757 
Hydrochlorostannic  acid,  723 
Hydrocyanoplatinous  acid,  753 
Hydroferrocyanic  acid,  579 
Hydrofluogermanic  acid,  728 
Hydrofluoric  acid,  240 
Hydrofluosilicic  acid,  425 
Hydrofluotitanic  acid,  726 
Hydrofluozirconic  acid,  729 
Hydrogen,  82 
bromide,  225 
chloride,  172 
and  water,  181 
composition,  174 
preparation,  175,  176 
properties,  179 
thermochemistry,  199 
combining  weight,  141,  142  ! 

combustion  of,  97 
cyanide,  413 
detection  of,  414,  580 
fluoride,  240 
iodide,  232 
liquid,  91 
peroxide,  153 

chromate  as  reagent  for,  609 
detection  of,  727 
occurrence  in  oxidations,  646 
preparation,  544 
persulphide,  277 
properties,  88 
selenide,  307 
telluride,  311 
Hydrolysis,  247,  303 
of  ferric  chloride,  573 
of  salts  of  poly  basic  acids,  269 
Hydrometer,  29 
Hydrosulphides,  267 
Hydrosulphurous  acid,  294 
Hydroxyl,  151 
Hydroxylamine,  345 
Hyperbola,  76 


Hypochlorites,  204 
decomposition,  206 
Hypochlorous  acid,  204 
properties  of,  206 
Hypoiodites,  236 
Hyponitrites,  330 
Hyponitrous  acid,  330 
Hypophosphoric  acid,  370 
Hypophosphorous  acid,  369 
Hyposulphuric  acid,  298 
Hypothesis,  146 

Ice,  115 

heat  of  fusion,  117,  118 
influence  of  pressure  on  its  melting  point, 
129 

vapour  pressure  of,  131 
Iceland  spar,  512 
Impurities,  10 
Incandescent  light,  408 
mantles,  59,  730 
Indigo  copper,  636 
Indium,  58,  715,  718 
chlorides,  719 

combining  weight,  142,  718 
hydroxide,  719 
sulphate,  719 
sulphite,  basic,  719 
trichloride,  719 
Induction,  11 
Ingot  iron,  585 
Interpolation,  111 
Iodates,  236 
Iodic  acid,  236 
Iodidion,  235 
Iodine,  46,  229 

combining  weight,  142 
monochloride,  237 
oxycompounds,  235 
tincture  of,  230 
trichloride,  238 
vapour,  231 
Ions,  189 

actual  and  potential,  244 
complex,  435 
divalent,  507 
heat  of  formation  of,  201 
nomenclature  of,  198 
of  dibasic  acids,  267 
Iridium,  59,  754 
combining  weight,  142,  755 
Iron,  54,  562 
alum,  575 
carbonyls,  583 
catalytic  actions  of,  583 
combining  weight,  142 
combustion  of,  63 
commercial,  563 
cyanogen  compounds  of,  578 
galvanised,  618 
glance,  571 
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Iron,  ions  of,  564 
metallurgy  of,  584 
ore,  brown,  571 
ore,  magnetic,  572 
pyrites,  577 

salts,  compounds  of,  with  nitric  oxide,  582 
sulphide,  576 
vitriol,  569 
■wrought,  563 
Isomerism,  190 
Isomorphism,  308,  309,  760 
Isomorphous  mixture,  534 
Isotherm,  384 

Jacinth,  729 
Jasper,  420 
Joule,  118 

Kainite,  534 
Kaolin,  556 
Kilogram,  23 
Kilojoule,  162 
Kilometre,  5 
Kilowatt,  634 
Kinetic  energy,  21,  22 
Kipp’s  apparatus,  86 
Kirchhoff,  497 
Klaproth,  728,  732 
Krypton,  434 

combining  weight,  142 
Kunkel,  348 

Labradorite,  558 
Lanthanum,  54,  559,  560 
combining  weight,  142 
Law,  11 

fundamental,  of  chemistry,  6 
Lead,  56,  645 
acetate,  649 
bromide,  647 
carbonate,  650 
chloride,  647 
chromate,  648 
combining  weight,  143,  645 
hydroxide,  646 
iodide,  647 
metallurgy  of,  655 
nitrate,  647 
oxide,  647 
peroxide,  651 
red,  652 
sugar  of,  649 
sulphate,  647 
sulphide,  651 . 
tetrachloride,  652 
vinegar  of,  650 
vitriol,  648 
white,  650 

Leaden-chamber  crystals,  333 
Le  Blanc,  490 
Leclanche  cell,  591 


Lecoq  de  Boisbaudran,  717 
Light,  chemical  strength  of,  583 

decomposition  of  chlorine  water  in,  169 
Light-sensitive  chromate  mixtures,  607 
Lime,  burning  of,  513 
light,  102  . 
milk  of,  509 
paste,  509 
slaked,  510 
slakiug  of,  510 
water,  509 
Limestone,  53,  511 
Limiting  law,  20 
Linde,  77 

Linear  functions,  75 
Liquid  bodies,  13 
Liquids,  neutral,  186 
Litharge,  56,  647 
Lithium,  52,  499 
carbonate,  499 
combining  weight,  1 43,  497 
fluoride,  499 
hydroxide,  499 
nitrate,  499 
phosphate,  500 
sulphate,  499 
Litmus,  150 
Litre,  5 
Loam,  556 

Luminescence  of  phosphorus,  351 
Lunar  caustic,  57,  676 
Lustre,  7,  13 
Luteo-cobalt  salts,  615 

Machines,  ideal,  20 
Magnesia,  52,  532 
alba,  535 
mixture,  537 
Magnesion,  531 
Magnesite,  535 
Magnesium,  52,  83,  530 
ammonium  phosphate,  536 
carbonate,  535 
chloride,  532 
combining  weight,  143 
electrolysis  of,  530 
hydrosulphide,  537 
hydroxide,  531 
light,  530 
nitride,  538 
oxide,  531 
phosphates,  536 
silicates,  537 
sulphate,  533 
sulphide,  537 
Magnetic  iron  ore,  572 
pyrites,  577 
Malachite,  636 
Mangananion,  593 
Manganates,  592 
Manganese,  54,  586 
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Manganese,  combining  weight,  143,  586 
complex  compounds,  599 
glass,  590 
metallic,  586 
peroxide,  589 
spar,  587 
tetrachloride,  589 
Manganic  acid,  591 
chloride,  588 
compounds,  588 
hydroxide,  588 
Manganite,  590 
Manganous  borate,' 588 
carbonate,  587 
chloride,  587 
hydroxide,  587 
oxide,  587 
sulphate,  587 
sulphide,  587 
Marble,  53,  512 
Marl,  556 
Mass,  18,  22,  23 
action,  99,  566 
law  of,  326 
conservation  of,  18 
unit  of,  23 
Matches,  354 
safety,  355,  452 
Matter,  conservation  of,  19 
Matthiessen,  499 
Mayer,  118 

Measuring  cylinder,  188 
flask,  188 

Mercurammonium,  669 
Mercurdiammonium,  669 
Mercuric  bromide,  664 
chloride,  662 
cyanide,  667 
fluoride,  665 
iodide,  664 
nitrate,  661 
oxide,  661 
salts,  661 
sulphate,  661 
sulphide,  665 
Mercuricyanidion,  667 
Mercurous  chloride,  660 
compounds,  659 
nitrate,  659 
oxide,  659 
sulphate,  659 
Mercury,  56,  656 

ammonia  compounds,  669 
combining  weight,  143,  657 
complex  compounds,  667 
complex  nitrogen  compounds,  670 
sulphur  compounds,  671 
ions,  658 

molecular  heat  of,  433 
oxychlorides,  664 
thermochemistry  of,  672 


Metaboric  acid,  430 
Metals,  44 

electrical  deposition  of,  615 
general  remarks  on  the  chemistry  of 
435 

polyvalent,  270 
potential  series  of,  635 
solution  in  nitric  acid,  627 
Metantimonic  acid,  703 
Metapliosphoric  acid,  361,  364 
Metastable  limit,  680 
region,  117,  485 
Metastannic  acid,  737 
Metatungstic  acid,  737 
Metavanadic  acid,  715 
Meteorites,  562 
Methane,  398,  524 
Methenyl,  401 
Methyl,  401 
alcohol,  401 
chloride,  400 
Methylene,  401 
chloride,  400 
Metre,  5 
Mica,  558 

Microcosmic  salt,  504 
Micron,  5 
Mildew,  642 
Milk  glass,  529 
Milliampere,  193 
Millimetre,  5 
Mineral  waters,  388 
Miniature,  652 
Minium,  652 
Mist,  128 

Mixed  crystals,  308 
Mixtures,  8 

constant  boiling,  183 
isomorphous,  534 
Molar  weight,  88,  149,  760 
Molecular  heat,  433 
hypothesis,  148 
weight,  88,  149 
Molecule,  149 
Molybdenum,  55,  732,  738 
chlorine  compounds  of,  740 
combining  weight,  143,  738 
glance,  740 
oxychlorides,  740 
trioxide,  738 
trisulphide,  741 
Monocalcium  phosphate,  523 
Monoclinic  system,  263 
Monocuprion,  627 
Monomercurion,  658 
Monothallion,  689 
Monotropy,  255 
Morley,  136 
Mortar,  513 
Mosaic  gold,  724 
Mother  liquor,  461 
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| Naples  yellow,  647 
a Natural  science,  1 
a Nature,  laws  of,  3,  4 
I Negative,  679 

Neodymium,  54,  559,  561 
combining  weight,  143 
Neon,  51,  434 
combining  weight,  143 

SNessler’s  reagent,  668 
Neutral  salts,  267 
Nickel,  54,  610,  615 
ammonia  ions,  616 
carbonyl,  617 

combining  weight,  143,  610 
cyanidion,  617 
hydroxide,  616 
oxide,  616 
plating,  615 
sulphate,  616 
Nickelion,  616 
i Nickelous  cyanide,  617 
Niobium,  58,  715,  717 
combining  weight,  143 
oxychloride,  717 
Nitrates,  317,  321 
Nitric  acid,  317 
anhydride,  322 
chemical  properties  of,  319 
heat  of  formation,  322 
identification  of,  321 
salts  of,  321 

solution  of  metals  in,  627 
Nitric  oxide,  322 

compounds  with  iron  salts,  582 
Nitrile,  415 
Nitrites,  329 
Nitro-eonipounds,  331 
organic,  332 
Nitrogeu,  48,  311 
bacteria,  347 

combining  weight,  143,  313 
compounds,  complex,  670 
detection  of  the  oxy  - compounds  of, 
323 

organic,  347 
oxy-compounds  of,  317 
catalytic  actions  of,  335 
oxygen-hydrogen  compounds,  344 
pentoxide,  322 
peroxide,  324 
heat  of  formation,  326 
preparation,  328 
trioxide,  329 
Nitrosulphonic  acid,  332 
Nitrosyl  chloride,  335 
Nitrous  acid,  329 
air,  323 
anhydride,  329 
oxide,  330 
Nitryl  chloride,  335 
Non-conductors,  190 


Non-metals,  44 
Normal  gas,  88 
pressure,  66 
salts,  267 
solutions,  188 
temperature,  66 

Nucleus,  128 

• 

Ofvivak,  562 
Oligoclase,  557 
Olivine,  537 
Opal,  420 
Ordinates,  74 
Organic  chemistry7,  50 
nitrogen,  347 
Orpiment,  710 
Orthoantimonic  acid,  703 
Orthoboric  acid,  429 
Orthoclase,  557 
Orthophosphoric  acid,  361 
Orthosilicic  acid,  420 
Osmic  acid,  757 
Osmium,  59,  756 
combining  weight,  143,  756 
tetroxide,  757 
Osmotic  pressure,  637 
laws  of,  638 
Outer  world,  2 
Oxalates  of  iron,  582 
Oxalic  acid,  410 
Oxidases,  588 
Oxidation,  135,  566 

of  phosphorus  in  air,  351 
Oxidations,  occurrence  of  hydrogen  per- 
oxide in,  646 
Oxides,  64 

Oxidising  agents,  154,  319,  566,  597 
Oxygen,  36,  47,  61 
and  ozone,  80 
combining  weight,  143 
commercial,  78 
density7,  77 
liquid,  77 

physical  properties,  65 
reaction  of,  63 
Oxy-hydrogen  flame,  101 
Ozone,  79,  353 
and  oxygen,  80 

Palladium,  59,  753 

combining  weight,  143,  754 
hydride,  754 
nitrate,  754 

Partial  pressures,  Dalton’s  law  of,  93 
Passive  state  of  chromium,  601 
Pentathionie  acid,  298,  300 
Perchlorates,  218 
Perchloric  acid,  218 
Perchromic  acid,  609 
Periodic  acid,  237 
system,  762 
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Permanent  white,  543 
Permangananion,  593 
Permanganic  acid,  591 
pure,  594 
anhydride,  594 
Perpetuum  mobile,  31 
of  the  first  kind,  133 
of  the  second  kind,  133 
Perruthenates,  757 
Persulphuric  acid,  293 
Petit,  761 
Petroleum,  403 
Phase  law,  170,  171 
Phases,  128 
Phenolphtlialein,  150 
Phosgene  gas,  392 
Phosphomolybdic  acid,  739 
Phosplionium,  356 
iodide,  356 
Phosphorescence,  522 
Phosphorescent  paint,  522 
Phosphoric  acid,  361 
volumetric  determination  of,  733 
Phosphorite,  522 
Phosphorous  acid,  366 
Phosphorus,  48,  348 
allotropic  forms  of,  349 
combining  weight,  143 
combustion  of,  63 
fluoride,  359 
hydride,  355 
liquid,  356 
solid,  356 
oxychloride,  365 
pentabromide,  359 
pentachloride,  357 
pentoxide,  360 
preparation,  523 
red,  349 
subiodide,  359 
sulphochloride,  371 
sulphur,  compounds  of,  370 
trichloride,  357 
tribromide,  359 
triiodide,  359 
vapour,  353 
white,  349 

Photochemical  actions,  178 
Photochemistry,  169 
Photographic  prints,  677 
touing  of,  747 
Photography,  673 
Photometer,  chemical,  583,  662 
Physical  phenomena,  1 
state,  13 
Pinch-cock,  86 
Pink  salt,  723 
Pipettes,  187 
Pitchblende,  734 
Plaster  of  Paris,  520 
Platinic  hydroxide,  751 


Platinoehloridion,  752 
Platinous  chloride,  752 
hydroxide,  752 
Platinum,  59,  748 
black,  750 

catalytic  actions  of,  749 
combining  weight,  143 
complex  compounds,  751 
metals,  742 
sponge,  104,  749 
tetrachloride,  751 
Plumbion,  645 
Poison-flour,  708 

Poisonous  action  of  mercury  salts, 
663 

Polarisation,  616 
Polonium,  736 
Polymolybdic  acids,  739 
Polymorphism,  238,  511 
Polysulphides,  276 
Polythionic  acids,  298 
Porcelain,  557 
Potash  caustic,  447 
Potashes,  52,  455 
Patassamide,  467 
Potassion,  437 
reactions  of,  437,  442 
Potassium,  51,  436 
amalgam,  444 
argenticyanide,  681 
aurate,  744 
auricyanide,  745 
bicarbonate,  457 
bisulphate,  459 
bromate,  454 
bromide,  449 
carbonate,  455 
chlorate,  450 
chloride,  449 
chloroiridate,  755 
chromate,  55,  604 
combining  weight,  143,  437 
cyanate,  466 
cyanide,  465 
dichromate,  606 
ferrate,  578 
ferrocyanide,  578 
ferro-oxalate,  582 
fluoride,  450 
fluorothorate,  730 
fluotantalate,  717 
hydride,  467 
hydrosulphide,  460 
hydroxide,  444 

chemical  properties  of,  447 
iodate,  454 
iodide,  450 
manganoeyanide,  599 
nitrate,  461 
nitrite,  464 
oxalate,  466 
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Potassium  porclilorate,  454 

permanganate,  analytical  application  of, 


596 

peroxide,  467 
persulphate,  460 
platinochloride,  751 
platiuonitrite,  752 
polysulphides  of,  461 
pyrosulpliate,  459 
pyrosulphite,  460 
silicate,  464 
silicotluoride,  464 
sulphate,  459 
. sulphide,  460 
sulphite,  460 
tetroxalate,  466 
thiocyanate,  466 
titanate,  726 
Potential,  193 
ions,  245 
of  cells,  634 
series  of  the  metals,  635 
Potter’s  earth,  556 
Praseodymium,  54,  559,  561 
combining  weight,  143 
Praseo-salts,  615 
Precipitate,  fusible,  670 
infusible,  670 

Precipitation,  theory  of,  441 
Pressure,  critical,  385 

influence  of,  on  density,  30 
on  melting  point  of  ice,  129 
on  solubility,  214 
osmotic,  637 
laws  of,  638 
Priestley,  37 
Primary  salts,  267 
Prints,  photographic,  677 
Processes,  chemical,  7 

spontaneously  occurring,  208 
Properties,  6 

exactness  of  law  of,  8 
Protoplasm,  348 
Prussian  blue,  579 
Prussiate  of  potash,  yellow,  578 
Prussic  acid,  413 
Pseudomorphs,  253 
Pseudosolutions,  421 
Purpureo-salts,  615 
Pyroantimonates,  703 
Pyrolusite,  589 

Pyrophosphoric  acid,  361,  363 
Pyrosulphuric  acid,  291 
Pyrosulphurous  acid,  282 
Pyrosulphuryl  chloride,  304 
Pyrotechnics,  540,  544 

Quadratic  system,  263 
Quartz,  50,  418 
sand,  418 
Quicklime,  510 


R (gas  constant),  89 
Radicles,  400 
Radium,  736 
Ramsay,  432 
Rayleigh,  432 
Reaction,  heat  of,  163 
law  of,  130 
Reactions,  35 
geological,  421 
intermediate,  650 
successive,  law  of,  207 
Realgar,  714 
Recrystallisation,  217 
Red  fire,  540 
Reducing  agents,  597 
Reduction,  135,  566 
Refrigerating  machines,  339 
Regular  system,  264 
Reich,  718 
Retarders,  105 
Retort,  107 
Reversed  processes,  98 
Rhodium,  59,  755 
combining  weight,  143,  756 
Rhombic  system,  263 
Richter,  718 
Rock  crystal,  419 
salt,  476 

Rubidium,  52,  497 
combining  weight,  143,  497 
Ruby,  551 
Rupert’s  drops,  528 
Rusting,  562 
Ruthenates,  757 
Ruthenium,  59,  757 
combining  weight,  143,  758 
tetroxide,  757 
Rutile,  726 

Sal  ammoniac,  48,  502 
mirabile,  482 
Salt  of  sorrel,  410,  466 
Saltpetre,  37,  48,  52 
Salt  springs,  476 
Salts,  190,  197 
behaviour  of  mixed,  217 
complex,  534 
dissociation  of,  246 
neutral,  267 
normal,  267 
primary,  267 
secondary,  267 
solubility  of,  458 
thermochemistry  of,  200 
Samarium,  559 

combining  weight,  143 
Sapphire,  551 
Sassoline,  429 
Saturated  compounds,  402 
Scandium,  54,  559,  560 
combining  weight,  143 
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Seheele,  36,  348,  53?,  736,  738 

Scheeletine,  736 

Scheelite,  736 

Schlippe’s  salt,  704 

Sea- water,  476 

Second,  4 

Secondary  salts,  267 
Selenic  acid,  310 
Selenious  acid,  309 
chloride,  311 
Selenium,  48,  306 
combining  weight,  143,  306 
sensitiveness  to  light,  307 
tetrachloride,  310 
Seleniuretted  hydrogen,  307 
Sensitiveness  of  the  balance,  25 
Serpentine,  537 
Silicates,  420 
Silicic  acid,  420 
Silicon,  50,  418 
chloride,  423 
chloroform,  424 
combining  weight,  143,  418 
dioxide,  418 
amorphous,  419 
fluoride,  424 
hydride,  424 
Silver,  57,  673 
bromide,  678 

gelatine  plates,  678 
carbonate,  680 
chloride,  676 

combining  weight,  143,  674 
compounds,  complex,  684 
cyanide,  681 
fulguration  of,  686 
iodide,  679 
metallurgy,  686 
nitrate,  676 
oxide,  675 
sub-chloride,  677 
sulphate,  680 
sulphide,  680 
thiocyanate,  684 
Simple  substances,  10 
Sintering,  102 
Slaking  of  lime,  510 
Smalt,  54,  612 
Smoky  topaz,  419 
Snow  crystals,  116 
Soapstone,  537 
Soda,  52,  490 
ash,  491 

caustic,  35,  150,  474 
crystals,  491 
felspar,  557 
lime,  510 
water-glass,  494 
Sodion,  471 
■Sodium,  52,  83,  468 
acetate,  495  . 


Sodium  action  on  water,  150 
ammonium  phosphate,  504 
bicarbonate,  489 
bisulphate,  486 
borate,  494 
bromate,  480 
bromide,  478 
carbonate,  489 
chlorate,  210,  480 
chloride,  476 
chloroiridite,  755 
chromate,  606 
combining  weight,  143,  496 
dichromate,  606 
flame  coloration,  471 
hydroxide,  474 
hypobromite,  228 
iodide,  478 
metallic,  469 
metaphosphate,  494 
nitrate,  480 
nitrite,  482 
peroxide,  475 
phosphate,  493 
platinochloride,  750 
polysulphides,  487 
press,  471 
pyrophosphate,  494 
silicate,  494 
sulphate,  482 

solubility  relations  of,  482 
sulphide,  487 
sulphite,  486 
thiosulphate,  487 
Solder,  495 
soft,  495,  724 
Soldering,  495 
Solid  bodies,  13 

substances,  influence  on  chemical  equil- 
ibrium, 101 

Solubilities,  measurement  of  small,  511 
Solubility,  438 

and  heat  of  solution,  216 
curve,  482 

influence  of  temperature  and  pressure 
on,  214 

of  a salt  in  presence  of  its  acid,  648 
of  different  forms  of  a substance,  258 
of  gases,  271 

Solubility  of  salts,  213,  438 
apparent  increase  of,  439 
diminution  of,  439 
product,  441 

Solution  equilibrium,  theory  of,  440 
heat  of,  and  solubility,  216 
law  of,  and  law  of  distribution,  272 
saturated,  438 
supersaturated,  214,  438 
Solutions,  10 
electrolytic,  197 
colloidal,  421 
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Solution,  pure,  10 
Solvay,  492 
Soot,  377 
Space,  4 

Spathic  iron  ore,  570 
Specific  gravity,  27 
heat,  761 

Spectrum  analysis,  60 
of  hydrogen,  96 
Specular  metal,  724 
Spinel,  552 
Spirit,  403 

of  hartshorn,  339 
of  wine,  403 
Spot  test,  518 
Square  centimetre,  5 
Stability,  regions  of,  254 
Standard  cells,  624 
Stannic  acid,  722 
chloride,  722 
hydroxide,  722 
sulphide,  724 
Stannous  bromide,  722 
chloride,  721 
hydroxide,  721 
iodide,  722 
sulphide,  722 
Starch  iodide,  232 
Steel,  563 

chromium,  600 
Stone  age,  420 
Stoneware,  557 
Strength  of  acids,  241 
of  current,  193 
Strontianite,  540 
Strontium,  53,  539 
carbonate,  540 
combining  weight,  143,  539 
hydroxide,  540 
nitrate,  540 
oxide,  539 
sulphate,  540 
Struvite,  536 
Sub-clilorides,  172 
Sublimate,  662 
Substances,  5 
pure,  9 

undecomposable,  43 
Substitution,  399 
Sulphamide,  342 
Sulpliaminic  acid,  343 
Sulphur,  47,  253 
amorphous,  256 
chlorides  of,  301 
combining  weight,  143,  304 
compounds,  complex,  671 
. of  phosphorus,  370 
dioxide,  278 
flowers  of,  255  . 
milk  of,  255 
monochloride,  301 


Sulphur  regeneration,  491,  522 
roll,  260 
trioxide,  282 
vapour,  259 

Sulphuretted  hydrogen,  266,  277,  577 
analytical  reactions,  274 
evolution,  theory  of,  273 
salts  of,  269 
strength  of,  273 
Sulphuric  acid,  282 
applications  of,  288 
aqueous,  287 
chlorides  of,  301 
decomposition  of,  291 
ions  of,  288 

preparation  from  ferrous  sulphate,  569 
solid,  287 

test  for,  in  analysis,  290 
thermochemistry  of,  292 
Sulphurous  acid,  279 
bleaching  action  of,  280 
dissociation  of,  279 
Sulphurylamide,  342 
Sulphuryl  chloride,  302,  303 
hydroxychloride,  302 
Supercooled  vapour,  126 
Supercooling,  116 
Superheated  water,  126 
Supersaturated  solutions,  214,  438 
Supersaturation,  214 
Sylvine,  449 
Symbols,  chemical,  144 
Symmetry  of  crystals,  262 
Sympathetic  ink,  611 
Synthesis,  393 

with  aluminium  chloride,  553 
Talc,  537 

Tantalum,  58,  715,  717 
combining  weight,  143 
Tare,  28 

Tartar  emetic,  58 
Tartaric  acid,  442 
Telluric  acid,  312 
Tellurium,  48,  306,  311 
combining  weight,  143,  311 
hydride,  311 
Tellurous  acid,  311 
Temperature,  absolute,  70 
critical,  385 
influence  on  density,  30 
influence  on  solubility,  214 
influence  on  velocity  of  chemical  re- 
actions, 65,  105 
scale,  69 

Tempering  of  steel,  563 
Tetraboric  acid,  430 
Tetrachlormetliane,  400 
Tetrastanuion,  722 
Tetrathionic  acid,  298,  299 
Tetravanadio  acid,  715 
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Thallic  hydroxide.  691 
sulphate,  692 
Thallium,  66,  689 

combining  weight,  143,  692 
Thallous  bromide,  691 
carbonate,  690 
chloride,  691 
fluoride,  691 
hydroxide,  690 
iodide,  691 
nitrate,  690 
salts,  690 
sulphate,  690 
sulphide,  691 
Thenardite,  486 

Thermal  capacity,  160,  433,  761 
Thermochemical  data,  277 
equations,  162 

relations  of  the  oxygen  compounds  of 
chlorine,  221 

relations  of  sulphurous  acid,  282 
Thermochemistry,  159 
of  the  halogens,  250 
of  salts,  200 
Thio-acids,  412 
Thioatimonates,  704 
Thiocarbonates,  412 
Thiocarbonic  acid,  412 
Thiocyanic  acid,  416 
Thiocyanogen,  416 
Thiomolybdates,  740 
Thioplatinic  acid,  752 
Thiosulphates,  solubility  of  silver  com- 
pounds in,  685 
Thiosulphuric  acid,  295 
Thiotungstates,  738 
Thomas’  slag,  523,  585 
Thoria,  729,  730 
Thorite,  729 
Thorium,  59,  729 

combining  weight,  143,  729 
nitrate,  730 
rays,  731 
sulphate,  730 

Thulium,  combining  weight,  143 
Time,  4 
Tin,  58,  720 
alloys,  724 

combining  weight,  143 
foil,  720 
salt,  722 

tetrachloride,  723 
Tinned  iron,  725 
Tinstone,  58 
Titanium,  59,  725 
combining  weight,  143,  727 
cyanide,  727 
dioxide,  725 
nitride,  727 
tetrachloride,  726 
Titration,  187 


Toluene,  30 

Toning  and  fixing  bath,  747 
Toning  in  photography,  747 
Total  energy,  208 
Transition  point,  254 
Tricalcium  phosphate,  522 
Trichromion,  600,  602 
Triclinic  system,  264 
Tridymite,  419 
Triferrion,  564 
Trigallion,  718 
Trigonal  system,  263 
Tri-iodidion,  235 
Triple  point,  131 
Trisodium  phosphate,  493 
Trisulpliaminic  acid,  343 
Trithionic  acid,  298,  299 
Trona,  490 
Tuff,  thermal,  514 
Tungsten,  55,  732,  736 
bronze,  737 
chlorides,  737 

combining  weight,  143,  736 
oxychlorides,  738 
steel,  736 
sulphide,  738 
trioxide,  736 
Tungstic  acid,  736 
Turmeric,  150 
Turpeth  mineral,  662 
Type-metal,  705 

Ultramarine,  558 
Units,  absolute,  33 
electrical,  193 

Unsaturated  compounds,  404 
solutions,  214 
Unstable  region,  117 
Uranium,  55,  732 
chlorides,  734 
combining  weight,  143,  732 
glass,  734 
rays,  735 
■ yellow,  734 
Uranous  hydroxide,  735 
salts,  734 
Ur  any  1,  732 
hydroxide,  733 
ion,  733 
nitrate,  733 
oxalate,  733 
phosphate,  733 
sulphate,  734 
Urao,  490 
Urea,  393 

synthesis  of,  416 

Valency,  371,  373 
Validity  of  laws,  absolute,  9 
Vanadium,  715 

combining  weight,  143,  717 
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Vanadium  dicliloride,  716 
metallic,  715 
nitride,  716 
oxychloride,  716 
pentasulpliide,  717 
pentoxide,  715 
tetrachloride,  716 
trichloride,  716 
trioxide,  716 
Vanadyl  trichloride,  716 
Vapour  densities,  varying,  324 
Vapour  pressure,  119 
of  ice,  131 
of  small  drops,  258 

Velocity  of  chemical  reactions,  influence  of 
temperature  on,  65,  105 
Verdigris,  636 
Vitriol,  569 

oil  of,  preparation  from  ferrous  sulphate, 
569 

Volt,  193,  634 
Voltaic  cell,  620,  632 
complex  salts  in,  682 
Volume,  critical,  386 
ratio  of  oxygen  and  hydrogen,  136 
specific,  27 

Volumes,  law  of,  in  gaseous  combination, 
139 

Vulcanising  of  caoutchouc,  301 


Water,  46,  97,  106 
action  of  sodium  on,  150 
as  solvent,  133 
bath,  125 

chemical  properties  of,  134 
coefficient  of  compressibility  of,  114 
colour  of,  109 
composition  of,  135 
decomposition,  137 
density,  109 

dependence  of  its  vapour  pressure  on 
temperature,  120 
gas,  396 
glass,  464 
hardness  of,  515 
heat  of  formation  of,  160 
heat  of  vaporisation  of,  125 
liquid,  degrees  of  freedom  of,  114 
pure,  106 

vapour,  density  and  extensity  of,  122 
in  the  air,  122 


Watt,  633 
White  lead,  650 
Weight,  23 

change  of,  in  chemical  processes,  16 
conservation  of,  18 
increase  of,  in  combustion,  35 
Welding,  563 
Weldon  mud,  590 
Wohler,  393,  548 
Wollaston,  753,  756 
Wollastonite,  526 
Work,  19 

conservation  of,  20 
lead,  655,  686 
unit  of,  23 

Xenon,  51,  434 

combining  weight,  143 

Ytterbium,  54,  559 
combining  weight,  143 
Yttrium,  54,  559,  560 

Zero,  absolute,  70 
Zinc,  55,  85,  618 
blende,  623 
carbonate,  622 
chloride,  622 

combining  weight,  143,  619 
commercial  preparation  619 
dust,  619 
hydroxide,  620 
oxide,  621 
oxychloride,  622 
silicate,  623 
solution  in  acids,  619 
sulphate,  622 
sulphide,  623 
vitriol,  622 
white,  621 
Zincate,  alkali,  621 
Zincion,  619 
Zircon,  728 
Zirconia,  728 
Zirconium,  59,  728 
combining  weight,  143 
hydroxide,  729 
salts,  728 
silicate,  729 
sulphate,  729 
tetrachloride,  729 


THE  END 


Printed  by  R.  & R.  Clark,  Limited,  Edinburgh. 


WORKS  ON  CHEMISTRY. 

By  Professor  WILHELM  OSTWALD. 

MANUAL  OF  PHYSICO-CHEMICAL  MEASUREMENTS. 

Translated  by  Dr.  J.  Walker.  Svo.  7s.  net. 

THE  SCIENTIFIC  FOUNDATIONS  OF  ANALYTICAL 
CHEMISTRY.  Translated  by  G.  M'Gowan.  Crown  8vo.  6s.  net. 


PRACTICAL  CHEMISTRY.  By  R.  Abegg  and  W.  Herz, 
Professor  and  Demonstrator  of  Analytical  Chemistry  at  Breslau  University. 
Translated  by  IT.  T.  Calvert,  B.Sc.  Crown  8vo.  6s. 
MICROCHEMICAL  ANALYSIS.  By  Prof.  H.  Behrens,  of  the 
Polytechnic  School  in  Delft,  Holland.  With  an  Introductory  Chapter  by 
T.  W.  Judd,  F.  R.S.,  Professor  of  Geology  at  the  Royal  College  of  Science. 
With  84  Illustrations  drawn  by  the  Author.  Crown  8vo.  6s. 

IDEAL  CHEMISTRY.  ALecture.  BySirB.  C.  Brodie, Bart.,  D.C.L., 
F.R.S.,  Professor  of  Chemistry  in  the  University  of  Oxford.  Cr.  8vo.  2s. 
PRACTICAL  ORGANIC  CHEMISTRY  FOR  ADVANCED 
STUDENTS.  By  Julius  B.  Cohen.  Globe  8vo.  3s.  6d. 
DICTIONARY  OF  CHEMICAL  SOLUBILITIES.  By  ARTHUR 
Messenger  Comey.  8vo.  15s.  net. 

A SYSTEM  OF  VOLUMETRIC  ANALYSIS.  By  Dr.  Emil 
Fleischer.  Translated  with  additions  by  M.  M.  P.  Muir,  F.R.S.E. 
Crown  Svo.  7s-  '6d. 

PRACTICAL  METHODS  OF  ORGANIC  CHEMISTRY.  By  Lud- 
wig Gattermann,  Ph.D.  Translated  by W.B.  Shober.  Cr.  8vo.  8s. 6d. 
BLOWPIPE  ANALYSIS.  By  Frederick  PIutton  Getman. 
Globe  8vo.  2s.  6d.  net. 

THE  RISE  AND  DEVELOPMENT  OF  THE  LIQUEFACTION 
OF  GASES.  By  Willett  L.  FIardin,  Ph.D.  Globe  8vo.  6s. 

A COURSE  OF  QUANTITATIVE  ANALYSIS  FOR  STUD- 
ENTS. By  W.  N.  Hartley,  F.R.S.,  Professor  of  Chemistry,  Science 
and  Art  Department,  Royal  College  of  Science,  Dublin.  Globe  Svo.  5s. 
METHODS  OF  GAS  ANALYSIS.  By  Dr.  Walther  HEMPEL, 
Professor  of  Chemistry,  the  Dresden  Polytechnicum.  Translated  by  L. 
M.  Dennis.  Crown  8vo.  7s.  6d. 

LABORATORY  MANUAL  EXPERIMENTS  TO  ILLUSTRATE 
THE  ELEMENTARY  PRINCIPLES  OF  CHEMISTRY.  By  H. 
W.  Hillyer,  Ph.D.  8vo.  4s.  net. 

INTRODUCTION  TO  THE  SCIENCE  AND  PRACTICE  OF 
QUALITATIVE  CHEMICAL  ANALYSIS.  By  Chapman  Jones. 
Crown  Svo.  6s. 

THE  THEORY  OF  ELECTROLYTIC  DISSOCIATION  AND 
SOME  OF  ITS  APPLICATIONS.  By  H.  C.  Jones.  Ex.Cr.8vo.  7s.net. 
THE  SPIRIT  OF  ORGANIC  CHEMISTRY.  An  Introduction  to 
the  Current  Literature  of  the  Subject.  By  Arthur  Lachman  (B.  S.  Calif. , 
Ph.D.  Munich).  With  an  Introduction  by  Paul  C.  Freer,  M.D.,  Ph.D. 
Crown  8vo.  6s.  6d.  net. 

BLOWPIPE  ANALYSIS.  By  J.  Landauer.  Third  Edition. 

Translated  by  J.  Taylor.  Globe  Svo.  4s.  6d. 

ORGANIC  CHEMISTRY.  A Compendium  of  Laboratory  Methods 
for  the  use  of  Chemists,  Physicians,  and  Pharmacists.  By  Dr.  Lassar- 
Cohn,  Professor  of  Chemistry  in  the  University  of  Ivonigsberg,  Translated 
by  A.  Smith.  Crown  8vo.  8s.  6d. 

ELEMENTS  OF  ELECTRO-CHEMISTRY.  By  Max  Le  Blanc, 
Professor  of  Chemistry  in  the  University  of  Leipzig.  Translated  by  W. 
R.  Whitney.  Crown  8vo.  6s. 

CHEMICAL  ANALYSIS  OF  OILS,  FATS,  WAXES,  and  of  the 
Commercial  Products  derived  therefrom.  By  Dr.  J.  LEWKOWITSCH, 
F.C.S.  Examiner  in  Soap  Manufacture  and  in  Fats  and  Oils  to  the  City 
and  Guilds  of  London  Institute.  Svo.  25s.  net. 

MACMILLAN  AND  CO.,  Ltd.,  LONDON. 


WORKS  ON  CHEMISTRY. 


LABORATORY  COMPANION  TO  FATS  AND  OILS 
• INDUSTRIES.  By  Dr.  J.  Lewkowitsch.  8vo.  6s.  net. 

CHEMICAL  ARITHME I IC.  With  1200  Problems.  By  Sydney 
Lupton,  M.A.  Fcap.  8vo.  4s.  6d. 

THE  CHEMISTRY  OF  PHOTOGRAPHY.  By  Raphael 
Meldola,  F.R.S.,  Professor  of  Chemistry  in  the  Finsbury  Technical 
College.  Illustrated.  Crown  8vo.  6s. 

ANALYTICAL  CHEMISTRY.  By  A.  Menschutkin,  Professor 
in  the  University  of  St.  Petersburg.  Translated  by  T.  Locke.  8vo.  17s.net 

ELEMENTS  OP  I HERMAL  CHEMISTRY.  By  M.  M.  Pattison 
Muir,  M.A.,  F.R.S.E.,  assisted  by  David  Muir  Wilson.  With  a 
Plate.  8 vo.  12s.  6d. 


PHEOREIICAL  CHEMISTRY.  By  Professor  Walter  Nernst, 
Ph.D.,  of  the  University  of  Gottingen.  Translated  by  C.  S.  Palmer. 
8vo.  15s.  net. 

QUALITATIVE  CHEMICAL  ANALYSIS  OF  INORGANIC 
SUBSTANCES.  By  A.  A.  Noyes.  8vo.  5s.  net. 

EXPERIMENTAL  PROOFS  OF  CHEMICAL  THEORY  FOR 
BEGINNERS.  By  William  Ramsay,  Ph.D.,  Professor  of  Chemistry 
in  University  College,  London.  Pott  8vo.  2s.  6d. 

GASES  OF  THE  ATMOSPHERE.  By  Prof.  W.  Ramsay.  Extra 
Crown  8vo.  6s.  net. 


THE  ELEMENTS  OF  CHEMISTRY.  By  Ira  Remsen,  Professor 
of  Chemistry  in  the  Johns  Hopkins  University.  Fcap.  8vo.  2s.  6d. 

AN  INTRODUCTION  TO  THE  STUDY  OF  CHEMISTRY 
(Inorganic  Chemistry).  By  Ira  Remsen.  Crown  8vo.  6s.  6d. 

A TEXT-BOOK  OF  INORGANIC  CHEMISTRY.  By  Ira 
Remsen.  8vo.  16s. 


COMPOUNDS  OF  CARBON  ; or,  An  Introduction  to  the 
Study  of  Organic  Chemistry.  By  Ira  Remsen.  Crown  8vo.  6s.  6d. 
COLLEGE  TEXT-BOOK  OF  CHEMISTRY.  By  Ira  Remsen. 
Extra  Crown  8vo.  8s.  6d.  net. 


A COMPLETE  TREATISE  ON  INORGANIC  AND  ORGANIC 
CHEMISTRY.  By  Sir  H.  E.  Roscoe,  F.  R.S.,  and  C.  Schorlemmer, 
F.R.S.,  late  Professor  of  Chemistry  in  Owens  College,  Manchester.  8vo. 
Vols.  I.  and  II.  Inorganic  Chemistry : Vol.  I.  The  Non-Metallic  Elements. 
New  Edition.  Revised  by  Drs.  H.  G.  Colman  and  A.  Harden.  21s. 
Vol.  II.  New  Edition.  31s.  6d.  Vol.  III.  Organic  Chemistry  : The 
Chemistry  of  the  Hydro-Carbons  and  their  Derivatives.  Parts  II.,  IV., 
and  VI.  2 is.  each.  Part  III.  18s. 

A NEW  VIEW  OF  THE  ORIGIN  OF  DALTON’S  ATOMIC 
THEORY.  A Contribution  to  Chemical  History.  By  Sir  Henry  E. 
Roscoe,  F.R.S.,  and  Arthur  Harden.  With  Portrait.  8vo.  6s.net. 
INORGANIC  CHEMISTRY  FOR  ADVANCED  STUDENTS. 

By  Sir  H.  E.  Roscoe  and  Arthur  Harden.  Globe  8vo.  4s.  6d. 
RISE  AND  DEVELOPMENT  OF  ORGANIC  CHEMISTRY. 


By  Carl  Schorlemmer,  LL.D.,  F.R.S.  Revised  Edition.  Translated 
and  Edited  by  Arthur  Smithells,  B.Sc.  Crown  8vo.  5s.  net. 
SYSTEMATIC  SURVEY  OF  THE  ORGANIC  COLOURING 
MATTERS.  By  Drs.  G.  Schultz  and  P.  Julius.  Translated  by  A. 
G.  Green.  8vo.  21s.  net. 

THE  EXPERIMENTAL  STUDY  OF  GASES.  By  Dr.  Morris 
W.  Travers,  University  College,  London.  With  Introduction  by  Prof. 
W.  Ramsay.  8vo.  ios.  net. 

INTRODUCTION  TO  PHYSICAL  CHEMISTRY.  By  James 
Walker,  D.Sc.,  Ph.D.  Second  Edition.  8vo.  ios.  net. 

A HISTORY  OF  CHEMICAL  THEORY.  By  Ad.  Wurtz. 
Translated  by  H.  Watts.  Crown  8vo.  6s. 


MACMILLAN  AND  CO.,  Ltd.,  LONDON. 


